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SHAFT 
POSITION 
TO DIGITAL 
ENCODERS 
AND 
READOUTS 


10 bit/turn Shaft Encoder in 
true Binary...converts shaft 
position to non-ambiguous true 
binary data representing input 
shaft position to 1 part in 1024 
for each revolution. Used as 
input-output devices for true 
binary digital computers. No 
external logic required. 


PLOTTING 
AND 
RECORDING 
EQUIPMENT 


X-Y Plotter... for point or con- 
tinuous plotting, with positive 
mechanical drive for recording 
graphic data. Several models 
available. 





BCD Shaft Encoder used 
where conversion to decimal 
form with ease is a require 
ment. All binary lines repre 
senting a decimal digit are 
parallel for ease of recording 


Punched Tape Converter...con 
verts the digital information 
read from punched paper tape 
into input signals to the 
Librascope X-Y Plotter 





Sine-Cosine Shaft Encoder 
presents sine and cosine func 
tions simultaneously and inde 
pendently. In addition, the 
limit one, quadrant and polar 
ity data are supplied. Ideal for 
airborne automatic navigation 
systems, weapon control and 
tracking systems 


Punched Card Converter... con 
verts data from IBM punched 
cards into analog input signals 
to the Librascope X-Y Plotter 


Ceyaahelenmpercamereyacnereyel=)elacee 
instrumentation & controls 


DIGITAL 

AND ANALOG 
COMPUTER 
COMPONENTS 


Magnetic Storage Drums... for 
medium storage applications; 
capacity 131, 072 non-volatile 
bits; several speeds; clock fre- 
quency 130 kc. Other models 
available 


FLOW, 
VOLUME, 
AND AREA 
COMPUTING 
EQUIPMENT 


Flow Computer... extracts 
square root and continuously 
integrates both differential and 
static pressures for applica- 
tions such as orifice measure- 
ment of gas 


COMPUTERS, CONTROLS AND COMPONENTS 
Also Process Control! Computers, 
Automatic Data Logging and Control Systems 
for Industry and Government 


Write for additional Information 


LIBRASCOPE 





INCORPORATED 


Read-Record Heads for high 
frequency, non-contact record 
ing applications in magnetic 
memory systems; high read 
back signals. Transistor wind 
ings available 


Linear Integrator...for systems 
or instruments requiring inte 
gration, average computations 
direct or remote reading 

mounts in strip chart recorders 





* BOB WESTERN 





Hollow and Solid Shaft Differ- 
entials designed for high 
accuracy in additive and sub- 
tractive operations has pri 
mary applications to angular 
velocity, sums and difference 
and sequence operations 


Square Root Integrator... de 
signed for the flowmetering 
industry to provide an econom 
ical, continuous, and compact 
integrator for automatic total 
ization of liquid flow 


AVE 
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Digital Readout performs 
logical brush selection 

tion in encoders 

scan. Also translate 

biguous BCD encoder represen 
tation into parallel decimal 
form. Suitable for electr 
printers, lamp banks, et 


X-Y Decimal Keyboard 
sists of a three-de m 
for each axis with a 


plus-minus keys 


Ball-Disc Integrator for use 
in totalizing, rate determina 
tion, differential analyzers 
closed loop servo-element, var 

able speed drive, temperature 
correction, et 


Planimeters for miniature 
strip chart recorders for simple 
integration with variable speed 
control; 2 models: square root 
and linear 





SPEEDOMA=x® 


... the key to highly dependable tests 
at AMP Incorporated’s research lab 


investigation of thermals generated by termi 
nals under high ambient temperatures is one ap 
plication of Speedomax H instruments in the re 
search laboratories of Aircraft-Marine Products, 
Inc., Harrisburg, Pa. A Speedomax H Recorder, 
out of view to the right of the operator, records 
the 1000 F temperature of the furnace in which 
the terminals are being heated. An L&N Stabi- 
lized Preamplifier with a Speedomax H _ zero- 
center millivolt recorder plots the thermals gen- 
erated by these terminals. Continuous operation 
without instrument failure (the average test runs 
about 240 hours) and reproducibility of tests 
within 1 uv are two advantages of this equipment 


In this same laboratory where new and im 
proved products are being developed and tested 
to supplement AMP’s wide variety of terminals, 
connectors, plugs, etc., for the electronic, aircraft 
and other industries, a Speedomax H 2-action 
D.A.T. Controller is used. This instrument pre- 
cisely regulates the temperature of an electric 
batch-type furnace to within +2 F. The flexibil- 
ity of this control helps them meet a variety of 
test conditions in investigating the effects of heat 
on various connector insulation materials. The in- 
strument’s manual rate of approach dial brings 
the test material up to working temperature in the 
shortest possible time without overshoot. It also 
permits rapid recovery of the test temperature 
when the sample or the control point is changed 

In many research applications where tempera- 
tures, pH, voltage, speed, etc., are being studied, 
a Speedomax H Recorder or Controller can fill 
your requirements for a high quality instrument 
that saves bench space, is low in cost and is avail- 
able for quick delivery (two to four weeks after 
order is received). For more information, write 
to Leeds & Northrup Co., 4918 Stenton Ave., 
Phila. 44, Pa., for Data Sheets ND46-33 (100-106). 


LEEDS _.; NORTHRUP 


Instruments SB ii; Automatic Controls « Furnaces 
ie Bal 
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TYPICAL COMPENSATING CAPACITY VALUES f 
TYPICAL CURRENT GAINS versus COLLECTOR CURRENT | LESS THAN , 
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Punch Her, Her, 
through ial dian 
Type Voltage . . ' 

" max. Ip = 1 mA Ig = 16 mA 
Vee = —0.25v Vee = —0.35v 








2N6S58 —24 
2N659 —20 
2N660 —16 
2N661 -12 
2N662 —16 





























Typical values at 25°C unless otherwise indicated Dissipation Coefficients: In air 0.35°C/mW; Infinite Sink 0.18°C/mW 


These new PNP Germanium Computer Transistors made by Raytheon’s reliable fusion-alloy 
process add to the already comprehensive line of Raytheon Reliable Computer Transistors 
which include several in the Submin (0.160” high, 0.130” dia.) package. Write for Data Sheets. 


QD SEMICONDUCTOR DIVISION 0 ton en 00 


Needhom Heights, Massachusetts CHICAGO: 9501 Grand Ave., Franklin Park, NAtional 5-6130 
ial _ 


SILICON AND GERMANIUM DIODES AND TRANSISTORS + SILICON RECTIFIERS LOS ANGELES: 5236 Santa Monica Bivd., NOrmandy 5-4221 
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ENGINEERING vor. 5 No. 12 


Published for engineers and technical management men who are responsible for 


the design, application, and test of instrumentation and automatic contro! systems 








MODERNIZE NOW FOR GROWTH AND PROFITS 


65 Economic Aspects of Modernizing with Control Systems 
A key problem for industry today is boosting productivity. One good way to do thi 
is to apply new instrumentation and control. But modernization has to be justified 
economically. Doing the job right requires an understanding of business adm 


tration, as well as technical competence. This report emphasizes the business as] 


A Guide to the Financial Factors of Modernization 
L. H. YOUNG of Conrrot ENGINEERING discusse depreciation, the problem of raisi 
capital, rental vs. purchase, and the other factors that affect the decision to mod 


How to Spot Opportunities for Modernization 
B. K. LEDGERWOOD of Conrrot ENGINEERING summarizes techniques for 


} | 
economic control applications and reviews financial procedures for evaluating alterna 


yal 


' ++ 
) 


Case Histories Prove Benefits of Modernization 
1. ‘Testing Subassemblies in Large and Small Lots 
G. M. SHUMWAY and N. R. BROWN of Westinghouse Electric Corp., give actual 


comparative costs to prove that automatic testing of complex control systems saves money 
| £ 


SO 2. Cutting Lathe Production Costs with Automatic Control 
C. T. LESINSKI of Thompson Products tells how the addition of a programmed 
hydraulic drive attachment to a conventional ram-type turret lathe cut direct labor costs 


81 3. Raising On-Spec Production with a Density Controller 
D. W. RICHMOND of Monsanto Chemical replaces two normal control loops with 
one radioactive density-measuring contro] system to increase capacity up to 10 percent 
4. Improving Payout with Measuring Elements 


J. R. DONOVAN of Monsanto Chemical cites two cases where modifying standard 


omponents to withstand special processing conditions increased plant earning powe 


5. Increasing the Capacity of a Data Acquisition System 
A. T. SNYDER of Boeing Airplane Co. reveals how improved automatic flight-test data 


icquisition systems have cut costs and drastically reduced the data processing time |] 


id 


6. Reducing Costs with an Automatic Transfer Machine 


C. REINING of Westinghouse reviews the savings incurred by acquiring a completely 
automated, statistically-controlled five station transfer machine for producing oven liners 


7. Lowering Generating Costs with Computing Controllers 
L. K. KIRCHMAYER of General Electric Co. points out that automatic dispatching 


systems using optimalizing computing controllers can keep power costs at a minimum 





86 8. Centralizing Operations with Electronic Level Gages 


88 


H. S. ANDREWS of Esso Standard Oil Co. shows how to estimate potential cost 
savings from centralized tank gaging and control of oil movement and storage operations 


9. Boosting Output with Punched-Card Control of Conveyors 
D. W. LAINCHBURY of Lotus, Ltd., London, describes how punched-card-controlled 


conveyors cut manufacturing time in an English shoe factory from nine days to 





What’s New in the Control Field 


Electronic warfare simulator trains Navy officers with battle-like presentation 
Moon shot demonstrates space control techniques as Pioneer reaches record height 


New high-speed microfilm printer used by Navy’s NORC during missile simulation 
Numerical control fully accepted, recent AIEE machine tool contro] meeting hears 
Analog techniques aired at world meet are reported by Packard Bell’s Max Palevsky 
Control Personality—J. J. (ANDY) MELLON 

One of the pioneers in the long struggle for a single standard in industrial controls 
How Modern is American Industry? 

A special report by McGraw-Hill’s Department of Economics shows modernization need 
New Product Developments 


Reliable electrohydraulic servovalve combines jet-pipe relay principle and low leakage. 


Abstracts of Technical Papers 


A look at the midcourse and terminal guidance problem in missiles and space vehicles 
Annual Control Engineering Editorial Index 


Index by subject matter and author of all significant material published during 1958 


10 Shop Talk 130 Bulletins & Catalogs 141 Meetings Ahead 
12 Feedback 137 New Books 142 Reprints 
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Type 5 Data Master 


Am Cat ERE 
rroewy~e~ 


why D-U 


cmc ghbamenste 


counting equipment 





al 
Cece. 
ee « 

ve 


Control panel close-up 
showing CMC Model 200A 














requency Counter 


Hanson-Gorrill-Brian, Inc., Glen Cove, 
New York, manufactures automatic data 
recorders for engine test stands, refineries, 
wind tunnels, etc. The Type 5 Data 
Master® shown above is a pressure logging 
device capable of scanning a number of 
pressures at rates up to 4 points per second, 
measuring them with an accuracy of 
+ 0.25% and recording the data in digital 
form on punched tape, cards, etc. Fre- 
quency counter requirements for the Data 
Master® system demand extreme reliabil- 
ity, coded output, simple operation and 
rugged construction. To fill these require- 
ments, the CMC Model 200A was selected. 


In operation, the CMC Model 200A 
measures the frequency of an FM oscillator 
for a given gate time. This gate time is 
determined and selected by the Data 
Master® programer to enable the CMC 
counter to read-out directly in ppsi regard- 


a 
; 
: 


Ol-inNwaaaneo 


less of the pressure range. At this point, 
reliability of the frequency counter is the 
key factor, for if the output of the FM os- 
cillator is miscounted, direct inaccuracies 
are generated throughout the entire system. 


CMC makes 6 different models of frequen- 
cy counters, frequency period counters and 
universal counter-timers in ranges from 0 
cps to 220 ke and 0 cps to 1 me and in 
price ranges from $425 to $1175. Three 
types of readouts are available: standard 
decade, CMC Inline-Inplane and Inline 
Nixie. Where counting and timing equip- 
ment is required, you will find a CMC 
counter designed to fit every conceivable 
application. Phone your local CMC engi- 
neering representative for a demonstration 
or write directly to the factory for com- 
plete technical information. Address 
Dept. 0812. 


TWX: NHOL 8290 
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cmc 


Representatives 


BALTIMORE — Ridge 


BOSTON 


TWX: Wakefield, 


CEDAR RAPIDS—E 
TWX: CR-83 


Wakefield 


way 


Mass 
Mpire § 


7.6677 


691Xx 


123 


CHICAGO—BRiargate 4-9135 
13 
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DENVER 
DETROIT (Rosev 
FORT WORTH 
KANSAS CITY 
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MINNEAPOL St 
MONTREAL 9 
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Diamond 3-3 
NEW YORK 
ONTARIO 
ORLANDO—GArden 
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SALT LAKE CITY 
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3-9621 


Pau 


3-6566 


wEbster 8-2565 
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Midway 6-2621 


Riverside 4-1932 


Saddle Brook 
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011 


SAN FRANCISCO (San Mateo 


Fireside 5-2866 
SEATTLE 
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SYRACUSE—G!bson 6-177 


WASHINGTON, D.C 
Jefferson 4-350 
WICHITA—MUrray 
WINSTON-SALEM 
EXPORT (New York 


BOwling Green 9 


Computer-Measurements 
Co rpo FALIOND 4 subsidiary of Hancock Industries, Inc 


5528 Vineland Ave. * No. Hollywood, Calif. 
Phone STanley 7-040! * 
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ANNOUNCING TWO 


Space TECHNOLOGY LABORATORIES, INC. 


Space Technology Laboratories, Inc., previously a division of The Ramo 
Wooldridge Corporation, became a separate company on October 31, 1958 
Space Technology Laboratories will be directed by Lieut. Gen. James H. Doolittle, 
Chairman of the Board (after January 1, 1959); Dr. Louis G. Dunn, President 
and Dr. Ruben F. Mettler, Executive Vice President. The other members of 
the Board of Directors are Robert F. Bacher, Head of the Division of Physics, 
Mathematics and Astronomy at the California Institute of Technology; James 
T. Brown, Vice President of the Mellon National Bank, Pittsburgh, Pennsylvania 
and Samuel E. Gates, Attorney with the New York firm of Debevoise, Plimpton 


and McLean. 


Space Technology Laboratories has the largest professional scientific and 
engineering staff in the nation devoted exclusively to Ballistic Missile and Space 
programs. STL is responsible for the systems engineering and technical direction 
of the Air Force THor, Attas, Titan, and Minuteman ballistic missile programs 
While it does not engage in production, STL performs experimental and analytical 
research projects in advanced space technology, including the fabrication and 
assembly of special equipment and the conduct of test programs. A recent 
example is the lunar probe project assigned to STL by the Air Force and the 


National Aeronautics and Space Administration. 


Space Technology Laboratories, Inc., plans to maintain a combination of 
technical competence and organizational strength appropriate to its special and 


continuing role in the important national program of space weapons development 


Space TECHNOLOGY LasorarTories, INc. 


5730 Arbor Vitae Street 
Los Angeles 45, California 
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Thompson Ramo Wooldridge Inc. 


On October 31, 1958, Thompson Ramo Wooldridge Inc. was formed by 
the merger of Thompson Products, Inc., and The Ramo-Wooldridge 
Corporation. 

Thompson Ramo Wooldridge will be directed by J. D. Wright, Chair- 
man of the Board; Dean E. Wooldridge, President; Simon Ramo, Exec- 
utive Vice President; and F. C. Crawford, Chairman of the Executive 
Committee. The other members of the Board of Directors are B. W. 
Chidlaw, A. T. Colwell, J. H. Coolidge, H. L. George, R. P. Johnson, 
and H. A. Shepard. Each is a Vice President of the merged company. 

Thompson Products, Inc., has been for many years a large manu 
facturer of components and accessories for the automotive and aircraft 
industries. In recent years, it has also been active in the fields of Missiles, 
Electronics, and Nuclear Energy. Thompson has concentrated on prod 
ucts which require a high level of competence in engineering and pre- 
cision manufacturing. 

The Ramo-Wooldridge Corporation was organized five years ago to con- 
duct research, development, and manufacturing operations in the field 
of electronic and missile systems having a high content of scientific 
and engineering newness. In addition to the work performed by Space 
Technology Laboratories, Inc., Ramo-Wooldridge has been engaged in 
major systems work in such areas as digital computers and control 
systems, communications and navigation systems, infrared systems, and 
electronic countermeasures. 

The merger of the two companies into Thompson Ramo Wooldridge 
Inc. is intended to provide an integrated team having strong capabilities 
for scientific research, engineering development, and precision manu 


facturing. 


Thompson Ramo Wooldridge Inc. 


Main Offices « Cleveland 17, Oh 


Los Angeles 45, California 
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"Tra ngitron announces 


o> NEW TYPES 
OF SILICON 
TRANSISTORS 


LOW NOISE type... jowest noise figure yet achieved 


in the critical range from one cycle per second to a 
audio frequencies. The ST1050 offers improved 
equipment stability down to a fraction of a cycle 
per second. Use it for all low level amplification 
problems having an input source impedance of 
50 Kohms or less . . . strain gages, thermocouples, 
accelerometers. 


TYPE $T1050 
Equivaient input Noise Voltage (0.8 to 50 cps) 25 
OC Beta @k-= 20ya 
Collector Cutoff Current (25°C, —3V) 
Collector Cutoff Current (100°C, ~3V) 

Complete data in bulletin TE-1353 











LOW LEVEL INPUT type... extremely iow drift 


100 
over the recommended operating range of 2-200 
ua collector current. With typical drift of only 1.0 
milli-microamps per oy Se C and 5 milli- 
microamps per day, ST1026 may be used in cir- 
cuits with high impedance sources . . . phototubes, 
G-M tubes, infra red tubes and ionization gages. 
Many new low current applications are opened 
up by the high beta and extremely low I... 








g 


TYPE $T1026 


Minimum DC Beta @ 5 wa 15 f 
Maximum Collector Cutoff Current (25°C, —3V) 005 ; 


Typical Collector Cutoff Current (100°C, —3V) 02 


Complete data in bulletin TE-1353 ce 





TYPICAL O.C. BETA 
~ 
°o 























20 50 
COUECTOR CURRENT I.) 





HIGH BETA types... current gain of 80 minimum, 


the highest level yet achieved in the industry. A 
useful end-of-life beta is maintained at tempera- 
tures down to —65°C, even at reduced collector 
current levels. The high gain of these transistors 
reduces the number of stages required in amplifier 
applications. A greater degree of degenerative 
feedback may be used to obtain much greater gain 
stability and uniformity, resulting in reliable 
amplifier operation. 











TYPES 2NS43 2NS42 2NS41 


Minimum Common Emitter Current 
Gain @ | Ke 80 .) 80 

Typical Common Emitter Current Gain 
@ 1 Mc 





15 15 15 
Maximum Collector Voltage 45 xn 1s Volts 


Maximum Collector Cutoff Current 
(25°C @ V~ Max.) 5 5 5 ua 


Comptete data in bulletin TE-1353 

















HIGH Ves/SMALL SIGNAL types 


-«+ Ves of 5 Volts minimum s 





eliminates the need for series diodes in many ap- 
plications and protects against transients in pulse 
and digital circuitry. This improvement in emit- 
ter-to-base voltage is available in Transitron’s 
entire line of small signal transistors, at no sacri- 
fice of other characteristics. 











TYPES 2NS543A 2N480A 2N475A 
Maximum Emitter-to- Base Voltage 5 5 5 Volts 
Maximum Collector Voltage 45 45 45 Volts 


Mimmum Common Emitter 

Current Gain a0 40 20 
Maximum Collector Cutoff Current 

(@ V_ =~ 4 Volts) 5 5 5 


Complete data in bulletin TE-1353 








TYPICAL EMITTER CUTOFF CURRENT [,c) 




















EMITTER-TO-BASE VOLTAGE 


HIGH BETA/MEDIUM POWER types 
+. Current gain of 40 minimum 


at 500 milliamps. Typical power gain of 1000 into 
a 100 ohm load significantly reduces drive power 
requirements. When used in conjunction with 
small signal high gain types, these transistors re- 
duce the number of components needed in a sys- 
tem and, hence, the overall weight and volume. 
I-o is measured at maximum rated collector volt- 
age at 150°C 





120 














TYPES S$T4044 ST4045 
Minimum DC Beta = 40 at |, 

Maximum Collector Voltage 

Power Dissipation (100°C, tree air) 


Power Dissipation 

(100°C, stud heat sink mounting) 5 
Typical Collector Saturation Voltage 

(@ specihed current) 3 


Complete data in bulletin TE-1355 COLLECTOR CURRENT 


$14044 
(25° C) 





TYPICAL 0.C. CURRENT GAIN 

















HEAT SINK MOUNTINGS... higher power ratings 

for medium power transistors in Transitron’s venience of single-hole mounting, the same 

TO-5 Outline package. These factory-fitted as for our JAN rectifiers in the ‘/s” hex 
\ heat sink mountings make possible a realistic package. No clip is needed . . . insulation and 

5 watt rating at 100°C case temperature for mounting hardware are supplied. Complete 


the first time. The stud type offers the con- data in bulletin TE-1355 


‘Tra ngitron 


electronic corporation + wakefield, massachusetts 


ea a —-— -—> 


Transistors Orodes Regutators Rectifiers 
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damping 


in minimum 
volume 


Magnetic 
| 


with GLENN/TE® AW-1 
linear potentiometer 
accelerometers 


For the first time, magnetic damping 
ina small, light weight, efficient 
package! 


Utilizing a new seismic suspension 
which considerably reduces friction 
and hysteresis, the GLENNITE AW-1 
Series accelerometers have minimum 
lateral sensitivity and excellent lin- 
earity. These instruments meet re- 
quirements of MIL-E-5272A, as 
amended, and may be mounted either 
parallel to or perpendicular to the 
sensitive axis. 

Available in ranges +1 to +10g 
full scale. And with tap settings as 
required. 





Call in Guiton 


Whether you need a single instrument 
or a complete system, Gulton is cap- 
able of meeting all your needs in ac- 
celeration measurement and control 
from transducer to readout equipment. 
Call in a Gulton Instrumentation Engi- 
neer on your next assignment—or on 
your present one if you have a problem. 











GULTON INSTRUMENTATION DIVISION 


Gulton 
industries, 
; inc. 


Metuchen, 
New Jersey 
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SHOPTALK 


Modernize now for growth and profits 

his issue carries CoNTROL ENGINEERING’S contribution to 
Plan ’59, the company-wide editorial campaign by McGraw 
Hill’s 34 publications, aimed at showing the need for and 
benefits of modernization. CtE enters wholehe: irtedly into 
this campaign, for many of the modernization projects that 
are in process or that should be in process depend heavily on 
the use of modern instrumentation and controls 

But adding modern control equipment simply for the sake 
ot modernizing is unrealistic; the new equipment must earn 
its keep to warrant the additional capital expenditure. For the 
military, the new system must cut lead time or improve ve 
hicle performance, while tor industry, process throughput 
must be increased or machine reject rate reduced. To accom 
plish these objectives, the control engineer must blend 
knowledge of business with his technical knowledge 

That is the aim of this issue: to point out to control engi 
neers some of the financial factors of modernization, to show 
how to spot and evaluate opportunities for modernizing with 
control systems, and to describe case histories where the user 
benefited through modernization 


Derek back from the continent 


CtE’s Derek Barlow, stationed in the McGraw-Hill London 
office, recently completed a six-week tour of his beat: | urope 
There were at least six countries on his itinerary. With his 
visit to the continent behind him, Derek is now settled into 
the next and less glamorous part of the job: organizing his 
notes and shaping them into articles. Watch for the results 


Reader feedback welcome 


ConTROL ENGINEERING is edited to be of most use to you, 
our readers. And to a very large extent we depend on you for 
the right ideas and criticism. So if you have a subject you'd 
like to see covered, have done work that you feel would be 
of value to other readers, disagree with or can improve on 
something that we’ve published, or just like to write letters, 
let’s hear from you. 


Bigger and better than ever 


As usual, next year looks like boom times for the control 
field. Space exploration and the attendant space control prob 
lems continue to push back the frontiers of control tech 
nology; control systems that are being proven out in the plant 
and factory today were a year or two ago only a dream in the 
designer's eye So keep your eyes on CtE for the latest across 
the- board coverage. January’ s issue, for example, will feature 
material on electric tie-motor control, helicopter control, auto 
matic warehousing, instrumentation for radiochemical proc 
esses, and other up-to-date subjects. 
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LEADERS IN READOUT AND DISPLAY 


Translating the output of data 
processing systems into a form 
that is instantaneously absorbed 
by the human eye and fully 


understood by the human mind. 


sc STROMS eee ea GD 





CHOOSING FEEDBACK 
T cane E a i GS eT Needs revolution counter 
COMPUTER " We sok ieling for a hig 


LUI Fil peed l 
curate revolution counter. ‘The counte 
must be able to count from four to 64 
An analog computer can be your basic tool for revolutions, trip a Sign ling devic e, and 

New, design, analysis, and control. You can solve a host of reset for the next cycle. The input 

equations and simulate a variety of physical and rpm will not exceed OUU rpm 

Low chemical processes. You can even put the computer We have been told that a transisto 

to work controlling the whole loop. You can do counter of this type is used in the 
sd 4 all these things quickly, conveniently and textile industry. If you know of any 
rices economically if you choose the right computer. manufacturer of an instrument of this 
type, please let us know so that w 
may get in touch with them 
a SN Jack Rollin 
CAAA The ]. B. Ehrsam & Sons Mfg. Co. 
CARAS ; Enterprise, Kan 
Peas : For information on accurate clec- 
tronic revolution counters, we suggest 
you contact James Cunningham, sales 
manager, Systron, Inc., 2055 Concord 
Blvd., Concord, Calif. 

You might also try the sales man 
ager of Dymac, Inc., 395 Page Mill 
Road, Palo Alto, Calif., who recently 
announced a photoelectric revolution 
counter and speed indicator. Ed 


Query on cost and performance 
lo tHe Eprror 


In your June issue (page 


| 
the article describing an improved 


drive for supercalendering machin 
was very interesting indeed; but it 
would have been materially more in 
teresting if it had included some 
approximate) data on actual perform 
inces, and the increased cost to th 

WHAT ARE THE CRITERIA? i 
That is to say: How much did the 
user-purchaser (CIP Co.) pay for the 


i 
supercalendering apparatus its¢ 


The Donner 3100 with non-linear equipment 


Functional versatility and operational convenience. In a great 
measure, the new Donner 3100 combines these key characteris- 
tics at a better price than any other computer on the market. ; 1, 

. ; : clusive of the improved drive 
Here are some of the things that add up to functional versatility f 


: : various controls; how much was 
and operational convenience: 


for this improved drive-with-control 
* Built-in simulation board inaddi- + 24-point function generators for ind how much greater was the total 
tion to regular patch board. synthesis of arbitrary functions. cost than the alternative cost of th 
* The functions of the amplifiers Diodes to create limiting, back- next best design available? 
are uncommitted. lash, and dead zone effects. And with respect to performance, 
* The Donner is designed for ex- A true operating console. for example With the unwind roll at. 


pansion. You can start with as Two or more com 7 . ' 
‘ ) puters can be ei - : ey 
few as ten amplifiers. rece eanl | say, 95 percent of mill diameter, and 


* Electronic multipliers to accom- Accommodates extra amplifiers weighing so many pounds; how m any 
modate non-linear terms. at the simulation board for other seconds is required to effect an emer 
$10 §70 * Electronic transport delay gen- uses such as special transfer gency stop from 1,500 fpm (or what 
’ erators to simulate “dead time.” functions. have you); and is this time shorter, 
Prices for this high accuracy, medium size analog computer begin at and/or the operation less hazardous, 

\$4234% for a computer with 10 chopper-stabilized amplifiers and 35 


than with previous kinds of control 
$13 995 potentiometers.,$+6,65@ purchases this computer with 30 amplifiers and » onan rseded? 
’ 55 pots. Special OEM prices. We have prepared an eight page data file now perhaps supersedec 


describing the new Donner 3100. Yours for the asking. Please address Elbert O. Browet 
Dept. 0812. Philadelphia, Pa. 


SCIENTIFIC ... And the answer 
COMPANY 


General Electric Co. views trans 
CONCORD, CALIFORNIA 5 actions with its customers as somewhat 
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confidential. We suggest Mr. Brower 
contact us directly for information on 
comparative costs. I should like to 
point out, however, that it does not 
necessarily follow that improvement 
in a product or system require an in 
crease in price. This is an area where 
there is an opportunity to give the cus 
tomer added value for his money 
something we are always striving to do 
Regarding performance, it has gen 
erally been found that the minimum 
‘topping time may be determined by 
other than electrical characteristics 
For this installation, the equipment is 
adjusted to bring the stack to a stop 
from 1,500 fpm in about 5 sec. In 
most modern equipment, personnel 
hazards are at a minimum and fast 
* deceleration is desirable, primarily to 
prevent marking of the filled rolls and 
to minimize the paper waste d 
J. V. McGaughy 
Paper & Light Industry 
Processes Engineer 
General Electric Co 
Schenectady, N. 


Duplicate requests for more data 
on triplicated safety channels 


To tHe Eprror 


In reference to your article “Give 
and Take” in the July issue of Con 
TROL ENGINEERING, I am_ inter 
ested in more information about the 
following items 

1. Primary measuring elements for 

1,500 deg F. 
Three-dimensional flow map 
ping te hnique. 
Methods of applying self-check 
ing triplicated safety channels 
Digital automatic start-up chan 
nels 
John T. Bauer 
Kaiser Engineers 
Oakland, Calif 


lo THE Eprror 


Controt Encineerinc for July 
1958 mentioned on page 73 a “meth 
od of applying self-checking triplicated 

ifety channels” as devised by Oak 
Ridge National Laboratory personnel. 
Would you please put me in touch 
with the men who have specified, 
used, or built such equipment. Our 
need is for safety channels in atomic 
reactor control and we are always will 
ing and anxious to consider new idea 
that could be of value 


R. S. Hammond 

Hanford Atomic Products Operation 
General Electric Co 

Richland, Wash 


We have written to the following 
gentlemen for additional information, 
to be forwarded to you and many 


THE MARK OF QUALITY 
Dae 6 Here's “Stepiess” 


BARBER 
COLMAN 


Electric Proportioning 
Control with Proof 


of Performance 


Wheeleo 
Inctruments 


SATURABLE CORE 
i? Veonge), mele), ag. iel® 


CuacTenc 
“EATER Gano 
ean, tT 


SATURABLE CORE REACTOR CONTROL 


Your best guide to selecting ‘‘stepless” electric proportioning controls 
is to rely on the unit backed by an unbroken record of success on 
thousands of installations. You take out the guesswork when you 
choose the Wheelco Model 407 electric proportioning controller 

it stands out clearly above the rest. 


Wheelco not only pioneered saturable reactor control of power input 
but maintains leadership by giving you units built for long life and 
simplified maintenance. For example, standard vacuum tubes readily 
replaced by local electronic supply houses have exceptionally long 
life because they operate well below their maximum output. Plug-in 
components make inspection and service quick and simple 


Wheelco Model 407s plus pilot amplifiers provide stepless control of 
saturable core reactors up to 150 kva and are available with a three 
function controller for proportional, reset, and rate action. Propor 
tioning bands are adjustable from 0.5% to 4% of full scale. Manual 
reset adjusts over 100% of proportioning band. Get more details on 
these features and Wheelco plug-in interchangeability by writing for 
Bulletin F-6314-3 today 


BARBER-COLMAN COMPANY 


Dept. L, 1548 Rock Street, Rockford, Illine 
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0.01% reguiation—Why be half safe? 
You can get a-c line voltage regulation 
to the exact degree of precision you 
need from Sorensen. Model 2501 
(left) regulates a-c line voltage to 
+0.01% at 2500 VA. Other Sorensen 
a-c models range in precision from 
meter calibrators to rugged ‘‘constant 
voltage transformers,"’ designed to give 
you maximum volt-amps per dollar. 


Fully-transistorized regulated d-c 
supplies —The most complete line of 
transistorized low-voltage d-c power 
supplies on the market—like the new 
Model Q6-2 (left)—is offered by Soren- 
sen. Regulation accuracy is +0.25% 
(line and load combined). Life is ex- 
ceptional. Response speed is extremely 
fast. They come with voltage adjustable 
over 2:1 range (Model Q Series) in 6, 
12, 28 vdc and capacities to 200 watts. 
Also in 0-36, or 0-75 vdc continuously 
variable ‘‘Rangers’’ (Model QR Series) 
of 150-watt capacity. 


Here’s a d-c workhorse for 

rack-panel equipment—New Sorensen 
Model MD supplies feature magnetic 
regulation, semiconductor rectifiers, 
capacitance-input filters—and low cost. 
What's more you get any factory preset 
voltage you want, from 2.5 vdc to 1000 
































vde. Available in 8 sizes from 25 to 
3000 watts. No switches, no fuses 
(short circuited output is not recom- 
mended, but is not damaging). Ideal 
for powering your 19” rack-panel 
equipment. 


Sorensen has many other ideas for packaging power to your needs, including 
standard off-the-shelf models, both electronic and transistorized, to take care of 
almost every need for controlled power— whether ac or dc, low or high voltage, low 
or high current. Ask for the latest Sorensen catalog. And let Sorensen engineers 
talk over with you a complete power system for your complex electronic equipment. 


8.6 


SORENSEN & COMPANY, INC. 


Richards Avenue, South Norwalk, Connecticut 


WIDEST LINE OF CONTROLLED-POWER 
EQUIPMENT FOR RESEARCH AND iNOUSTRY 


IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA, 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City, 
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other readers of CONTROL ENGI- 
NEERING who have requested it: 
1. Mr. D. W. Huszagh, Brookhaven 

National Lab., Upton, Long Island, 

N. Y.—Primary Measuring Ele- 

ments for 1,500 deg. F. 

Mr. J. T. Carleton, Pile Engineer- 

ing Div., Savannah River Lab., 

E.. I. du Pont de Nemours & Co., 

Inc, Aiken, South Carolina—Three 

Dimensional Flow Mapping Tech- 

nique. 

Mr. E. Siddall, Atomic Energy of 

Canada, Ltd., P. O. Box 905, To- 

ronto 18, Canada—Methods of Ap-. 

plying Self-Checking Triplicated 

Safety Channels. 

The fourth topic is covered in the 
unclassified document, “Digital Start 
Up Control for Aircraft Reactors”, 
Report # NYC-8586, prepared for the 
Atomic Energy Commission by Ford 
Instrument Co. Div. of Sperry Rand 
Corp., 31-10 Thomson Ave., Long 
Island City, New York, on March 12, 
1958, 

We include the complete addresses 
of the sources so that you may contact 
them directly if you wish. Ed. 


More on root locus application 


lo tHe Epiror 

In the August 1958 issue of Con 
rROL. ENGINEERING, in Feedback on 
pages 11 and 12, R. M. Fleming dis 
cussed the application of the tech 
niques described in “Digital Com 
puter Makes Root Locus Easy” b 
C. ]. Doda, to the study of parameter 
variations of a system. Does the litera 
ture contain anything further on the 
methods discussed by Mr. Fleming? 

Mr. Fleming mentioned a digital 
computer program by which a deter 
minant is expanded into a_ poly 
nominal. Is there a reference on thi 
determinant expansion? 

It is hoped that the work Mr. Flem 
ing has described in his letter will be 
incorporated in a later publication be 
cause of the widespread interest in 
flight control systems. Particularly, the 
expansion of a determinant into a 
polynominal would simplify the work 
of engineers and would be a welcomed 
extension to the method of C. J. Doda 

Also would you please forward Mr 
Fleming’s present address? 

Hans H. Hosenthien 
Army Ballistic Missile Agency 
Redstone Arsenal, Alabama 


You can contact R. M. Fleming in 
care of Minneapolis-Honeywell Regu- 
lator Co., 1915 Armacost Ave., Los 
Angeles 25, Calif. Fd. 
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if a priceless audience switches channels 


This situation has happened all too often in the past 
But now it seldom occurs, because most of the vast transmis 
sion and control networks are designed on a modular basis 
Circuitry is arranged so that essential elements or sub-assemblies 
can be disconnected quickly...and spare parts inserted 
while parts in trouble are checked when convenient. 


How about your system or product? Do your customers 

encounter loss of time, loss of equipment use, loss of production 

because of hard-to-follow wiring or transference of control elements? 

Perhaps the reliability of your products could be improved through the 

use of Cannon Plugs modular units. Cannon makes over 27,000 

different plugs—can engineer them to meet your requirements in 

modular ‘‘black-box"’ unit assemblies to minimize interruptions and make 

it possible to correct them, if they should occur, in a matter of seconds 

Cannon will design and make the plugs and assemblies you need 

Write today for brochure ‘‘The Modular Concept" which explains how 

modular designs can save dollars. Please refer to Dept. 422 Where Reliability 
Cannon Electric Company, 3208 Humboldt Street, SEO Yh PLU Sk page| so at 

Los Angeles 31, California. 


Constant Goa/ 





NEW TAYLOR 


Exclusive full-time Use 


gives you 





DESIGN FEATURES 


© Plug-in construction. 


© Response adjustments made from front or back of 
panel. 


© Mounts neatly between TRANSCOPE Recorder 
manifold and TRANSCOPE Controller. 


© Can be added whenever process changes require it. 
© Either field or panel mounting available. 


© Uses standard TRANSCOPE parts. 


90J SERIES 


TRANSCOPE RECORDER Taylor LInstlrwonents 
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TRI-SCOPE CONTROLLER 


of derivative-ahead-of-reset response’ 


these three important features 


] = Start up without overpeaking 


2 = Recovery from large load changes 


without overpeaking 


3 = Superior control following normal load changes 


}Pioneered by Taylor in the TRI-ACT™ Controller 


HERE is the perfect solution to your problems 
of overpeaking on start-up and large load 
changes—inherent weaknesses of propor- 
tional-plus-reset controllers. It is equally 
effective at all times whether variable is 
approaching control point from above or 
below —on start-up, or following major 
process disturbances or changes in set point. 

The TRI-SCOPE Controller consists of a 
proportional-plus-PRE-ACT*-response relay, 
called the TRI-SCOPE relay, and a propor- 
tional-plus-reset TRANSCOPE* Controller. 
This combination provides controller char- 
acteristics similar to that of the TRI-ACT 
Controller, making possible the three major 
benefits listed above. 

This unique new controller has been time- 
proven on one of the toughest possible 
reactor applications. For full information see 
your Taylor Field Engineer, or write for 
Bulletin No. 98332. Taylor Instrument Com- 
panies, Rochester, N. Y., or Toronto, Ont. 


For Vision... Ingenuity. . . Dependability 
so init tices nena  eagaeaaaaia NEW 414RF TRI-SCOPE CONTROLLER 
im solving your process control problems. 


MEAN ACCURACY F/RST 
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STEPS IN THE RACE TO OUTER 


SPACE 


Assembling a station in space 


This imaginative but technically accu- 
rate illustration shows a permanent sat- 
ellite (center) being constructed in orbit 
around the earth. It generates its own 
heat and electricity from solar rays. 
Basic vegetation (such as algae) for 
oxygen as well as protein-rich foods are 
grown in hydroponic tubes in upper 
level “greenhouses.” 

New vistas in astronomy will be 
opened up by such a space station, 
because of perfect conditions for 
photography and spectroscopy. It will 
also provide unique conditions for ad- 
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vanced research in physics, electronics, 
weather prediction, etc. Three such sta- 
tions, properly placed, could blanket the 
entire world with nearly perfect TV 
transmission. 

Atomic rocket vehicles with prefabri- 
cated skin layers (lower center) pro- 
vide building materials for the station, 
then return (bottom) to earth. Similar 
craft will service an established station 
(lower right), docking by electromagnetic 
pull in lower section of station's axis. 


ENGINEERS « SCIENTISTS 
Amada needs key men to augment 
@ broad research program in missile 
guidance and space technology. As de- 
signer and developer of all-inertial navi- 
gation systems for TITAN and ATLAS 
ICBM's, A#AGA provides a stimulating 
atmosphere where creative talents can 
develop. Write to E. C. Lester, Profes- 
sional Placement, CE-l aeaga@ Divi- 
sion, Garden City, N.Y. A Division of 
American Bosch Arma Corporation, 


AMERICAN BOSCH ARMA CORPORATION 
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A CONTROL PERSONALITY 


J.J. “Andy” Mellon 





fights for the single standard 


Although many control engineers are not aware of 
the activities of NEMA’s Safety Regulations Com 
mittee, they are in its debt nevertheless. Except for 
the tireless efforts of these men, the NEMA Standards 
for Industrial Control might not be the up-to-date 
effective document that it is The standards enjor 
almost universal acceptance; extremely few specialized 
user groups have found it necessary to modify or super 
I'hus, the control engineer does 
not have to vary his panel designs endlessly to meet 
the peculiar requirements of particular applications, 
industries, and localitic 

J. J. (Andy) Mellon heads the committee and typifies 
the zeal the members show for preserving the NEMA 
standard as the dominant criterion for control design 


sede its regulations 


(This committee also advocates universal acceptanc 
of the National Electric Code For many vears, And\ 
has been a prominent figure at meetings of AIEE, JIC, 
National Fire Protection Association, National Machin« 
lool Builders’ Association, et Speaking often as 
NE-MA’s official representative, he fights for the single 
tandard by explaining, arguing, pleading—and by com 
promising. He works constantly to keep the standard 
modern and in a form that is acceptable to the great 
majority of industrial control users 

Despite the amount of work that he does on its 
behalf, NEMA is just an extracurricular effort for 
Mellon. His full-time job is chief engineer of Allen 
Bradley Co. But the firm encourages 
“Allen-Bradley 


for the industry is good for us,” he explains 


Andy’s associa 
feels that what's good 
“Besides, 


what I learn at the meetings of various regional and 


tion activiti 


industry groups keeps me abreast of the current con 
trol problems of users in all fields (chemical, machine 
tool, textil 

Mellon has about 300 engineers working with him 
it Allen-Bradley in duties ranging from design to sales 


machinery, etc 


“Even some of our shop foremen are engineers,” he 
says. And he feels great responsibility for handling 
that talent. ‘There are two kev points he tries to keep 
in mind. First, give engineers freedom in running 
their own projects. He thinks the boss who insists on 
explaining how he would approach the problem every 
time he assigns a job runs the risk of developing “a 
bunch of engineering yes-men who stifle the creative 
ness that may be in them’. Second, give them ade 
quate orientation and on-the-job training. Every engi 
neer that his company hires attends company-sponsored 
courses (500 lecture hours during the first year). One 
proof of the success of this training is the fact that 
the company doesn’t have a field service department 
I'he sales engineers know enough about their products 
to handle their own trouble-shooting. 

Andy started his control experience with the West 
inghouse Industry Engineering Dept., steel mill section. 
After five years, he moved to Clark Controller Co., 


where during a 17-year stay he advanced to the 
of president. He left Clark to take his p1 

Although Andy has carved out an enviable career 
for himself in the engineering world, h Imits sheep 
ishly that he does not always do as well n employ 
ment counselor for others. His worst mistake in this 


position 


ent pos ition 


irea was made some vears ago when he advised a colleg« 
(Rensselaer Polytechnic Institute, 1924 
against accepting an offer to understudy Lee De Forest 
in the just-beginning field of radio engineering. This 
classmate, Allen B. Dumont, fortunately saw fit. t 
ignore Mellon’s urgings and went on to make his for 
tune in clectronics. Another member 
Rensselaer was Bob Paxton, present GE president 
Andy Mellon lives in a fine home on a bluff at th« 
edge of Lake Michigan. He had admired the house for 
about 15 years before the original owners decided to 
sell and Andy promptly bought it. His one complaint 
is that it “rattles” —because the Mellons’ three children 
have struck out on their own. Their daughter attends 
Wells College and the two boys graduated from Yale 
One son is now in law school and the other a successful 
manufacturers’ representative. Andy's hobby is golf, 
which is played mostly away from home during his 
extensive business and vacation travels 
For the future, Mellon is busy guiding 
projects on longer-lived magnetic relays, new forms of 
static controls, and proximity switches. He foresees a 
larger systems business (systems are now only about 
10 percent of his firm’s total sales) as user companies 
become more aware of the benefits to be gained from 
specialized controls and as they become reconciled to 
paying for the engineering time expended by control 
manufacturers in developing such controls 


classmate 


f that group at 


development 
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ACTUAL SIZE 


~-* 


8 Airpax low noise choppers are used in null- 
seeking servo systems, computers, instrument 
amplifiers and similar applications where 


even slight drifts cannot be tolerated. 


Unusually low noise levels (below one 
microvolt in narrow band, low impedance 
applications) are obtained through 
chopper construction. 


Drive coil leads exit through top terminals 
minimizing electromagnetic coupling 
between drive and contact circuits. 


Type 2300 uses a 400 cps, 6.3 VOL" 
drive, has a phase angle of 30° and a 
nominal dwell time of 147°. 


Type 2400 is designed for 60 cps, 6.3 
voLT drive with a phase angle of 18 
and a nominal dwell time of 167°. 


e- 


The AIRPAX PRODUCTS COMPANY for Vl diele] M@elbal jie]. | 


CAMBRIDGE, MARYLAND 
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WHAT’S NEW 


Special purpose analog 
computers built into a 
$7.25 million installation 
at the Naval War College 
help students play war 
games and aid umpires to 


evaluate the results. 


Umpires keep abreast of the progress in a war game with a variety 
position and symbology on Plexiglas master plot. Displays on both sides of m 
weapon status information 


\ '9@ 
ale 


On floor of umpire 


room, 


tors throw 
’ ntain target and 
War College staff me vatcl lectroni 


of devi ptical proje 


target information panels and azimuth and range indicators 


Navy Simulates Realistic Warfare 


Naval war games, waged with pen 
cils and a mass of papers, have been 
one of the most potent ways to teach 
strategy and tactics to young and old 
officers of the U.S. Navy. But almost 
from the time that the German High 
Command first developed the wat 
game by modifying a chess board, mili- 
tary men have been hard-pressed to 
keep the method of playing the game 
apace with rapidly improving weapons, 
After World War II, for example, 
Navy strategists took a look at-what 
technology was doing to complicate 
weapons, and decided they had to have 
some sort of electronic computer or 
war games would be useless as a train 
ing aid because of the continually; 
growing amount of time it took um 
pires to evaluate interactions 

For over 10 years, scientists at the 
Navy Electronic Laboratory in San 
Diego have been working with the 
Naval War College staff (at New- 
port, R. I.) to develop an electronic 
machine; last month NEL engineers 
checked out the last unit in the new 
$7.25 million Naval Electronic War 
fare Simulator (NEWS). Electro 
mechanically, it provides the elements 
of mobility, fire power, and intelli- 
gence on which opposing commanders 
may exercise their professional judg- 
ment as to the employment of assigned 
forces in a war game. 


Major components of NEWS are 
shown in the highly simplified sche 
matic below. Missing from the dia 
gram is a complicated communications 
network that connects the umpires 
with each command center, connects 
the command centers of each force, 
and simulates actual communications 
conditions in warfare. (Typical ex- 
ample: if a submarine simulates sur- 
facing in the midst of enemy ships and 
starts using voice radio circuits, its 
transmission can be plugged into the 
enemy communications net; under 
actual conditions the enemy would cer 
tainly pick up such transmission.) 

To use NEWS in a war game, 


students are divided into two groups: 
a White group and a Green group 
Each has at its disposal up to 10 com- 
mand centers (depending on the prob- 
lem) for its commander, his staff, and 
individual unit commanders; each 
command center, an exact replica of a 
shipboard combat center, controls 
from one to four forces equipped with 
up to four weapons—a total of 24 
forces and 96 weapons per group. 

¢ Electronic maneuvering—From the 
command centers, each group ma- 
neuvers on the “ocean” (which can be 
scaled to cover 40, 400, 1,000, or 4,000 
miles); the group plots a voyage, then 
simulates an attack or defense, firing 
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what price reliability in o 
DATA LOGGER? 
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FOR A DATA-MASTER™ 
THAT WILL 
DIGITALLY RECORD 


up to 50 points 


A reliable data logger can automatically 
record your test or process data, and simplify 
your entire system. Day after day, through 
routine or emergency conditions, you get 
dependable data—free from human error. 
The need for re-tests is eliminated. And be- 
cause it centralizes your data recording, you 
can release manpower for other duties. 


Such a system is not expensive. 


The reliable, time-tested Data-Master Logger 
gives all these advantages at a price you can 
afford. It can be hooked up quickly. It 
furnishes a typed record, or a tape if you 
prefer. The simple maintenance required can 
be performed by your own man. For a low- 
cost, completely reliable logger, write for 
literature on the DATA-MASTER. 


*Price is for thermo- 
couple inputs, and includes 
linearizing circuits. Unit 
is complete and ready to 
use, in attractive console 
on casters, top-mounted 
typewriter. F.O.B. Glen 
Cove, N. Y. Standard 
Warranty included. 


HANSON - GORRILL- BRIAN, Nc 


85 HAZEL STREET, GLEN COVE, N. 
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WHAT’S NEW 


the weapons which it has been as 
signed. All this activity is displayed in 
the umpire’s room (see photo, preced- 
ing page), where staff members watch 
it and evaluate the game 

What makes NEWS so amazing is 
the tremendous amount of detail that 
can be incorporated into it when a 
problem is to be simulated. In a typical 
command center, for example, the ofh 
cers get the same information—no 
more and no less—as they would if they 
were in a combat center on a ship, 
whether it be a single ship, a sub 
marine, a destroyer flotilla, or an ait 
cratt carrier. 

If you look inside a command 
center you'll find the electronics set 
up so that the officers can pick up on 
simulated radar (or sonar) any aircraft 
that enter the game vicinity, or any 
ships that are in radar range—and this 
can be varied by the umpires to 
fit the range of radar equipment 
assigned to the force. In addition, the 
top speed of the vessel is programmed 
into the controls so that the student 
officers cannot exceed it. Firing rates 
and logistics capabilities are also set 
into the controls. If a ship is equipped 
with 15 Talos missiles, the student 
commander can fire the missiles only 
at the same rate an actual ship can 
and the controls kee Pp him from firing 
more than the quantity he is carrying 

e Calculating damage—Once the two 
forces are engaged, the combat com 
puter carries the brunt of the activity 
It is an analog machine, time-shared 
among weapons. Although it can 
handle a total of 192 weapons, it is 
limited to 20 different weapon type 
that can attack up to 20 different types 
of targets NEL engineer Jack Rogers 
who helped design the unit, say 
inalog machine wa 


rere caae 


COMMAND CENTER simulates all the com 
bat center of a ship. At rear wall officer is 
operating motion control panel through which 
students acquire targets and fire weapons 
Officer in foreground is at azimuth and rang 
indicator, which simulates a radar picture of 
the area or a sonar picture of the ocean 





GD60 AND 80 SERIES 
GD700 SERIES 


Control gases safely, accurately 
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New concepts in electronics have 
been developed at AWA, as a 
result of experience with missile 
systems. Now they have a wider 
application. Here are some of the 
new AWA devices now available 
to industry. 


U.H.F. 


en. WIDEBAND 


MB RECEIVER 


Basic arrangement con- 
sists of R.F. amplifier, mixer, local 
oscillator, I.F. amplifier (A.G.€ 
controlled), cathode follower output 
stage. Tuning indicator (EM 34) is 
also fitted to receiver. The standard 
forms: one for airborne racking 
with special separate power supply 
unit, the other on larger chassis in- 
cluding power supply unit (conven- 
tional 19” front panel). Standard 
specification: 420-470 M/cs frequency 
range; 4 Mics overall bandwideh. 
approximately 10 db noise factor; 
approximately 70 ohms input im- 
pedance, 200-250 V and 50-60 c/s 
input supply. Input is unbalanced, 
output is via low impedance (cathode 
follower) stage 


DIRECTIONAL COUPLER 


Of the ‘Loop’ type, 
measurements of RI 
Standing Wave 


suitable for 
power and 
Ratio in coaxial 
cables. Directional properties are 
largely unaffected by frequency 
changes, so coupler may be used to 
help obtain optimum termination of 
a 52 ohm coaxial system up to 

Mics. Standard specification 
Size 7” x 4 x 24°; weighs 4 Ibs. 3 
ozs.; Power Measurement Range is 
Low range Iw.cw.max. High range 
Sw.cw.max.; less than 1% attenua- 
tion; better than 2% accuracy at 
frequency of calibration 


All devices are adaptable to suit customers’ own 
requirements. For further information consult 


AWA ELECTRONICS 


s1k W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD 
Baginton, Coventry, Engiand 

MEMBER OF THE HAWKER SIDDELEY GROUP 
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Selector switch 
Synch. | 


WHAT’S NEW 
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digital techniques were not well 
enough advanced at the time the de 
sign was frozen in 1953. Given the 
job to do all over again, says Rogers, 
“We would probably build a digital 
machine today.” 

When a command center acquires a 
target, it sets in motion a series of com 
putations. By reviewing stored infor 
mation concerning target and at- 
tacker’s position, range and capability 
of the weapon, the computer calcu- 
lates the probability of a hit, whether 
a hit occurred or not, and the amount 
of damage done by the hit. Then the 
computer advises the attacked com- 
mand of its remaining effectiveness. 
The same information is read out in 
the umpire room. At the same time, 
the damage ccmputer sends a signal to 
the target’s navigating computer, auto 
matically correcting its maximum 
speed to a new rate proportionate with 
the damage inflicted 

Major elements in this device in 
clude a control function computer, 
which takes x, y, and z position data 
from navigation computers and calcu 
lates slant range from the weapon to 
the target; and a specially designed se 
lector switch, called the washing ma- 
chine because it looks like a home 
washer, which consists of 193 vertical 
rows of 14 active channels. Each of 
these rows is permanently associated 
with one of the 192 weapons in the 
system; one is associated with a check 
problem. Fourteen brushes sweep 
across the 14 active contacts of a ver- 


Simplified schemetic of damage computer 


tical row once each second. ‘The final 
major 


memory. 


component is p itentiomete! 
Weapon eftecti 
target damage data 1 


tiometers. 


cness and 
tored in poten 
There is on 
pots for each possibl 
target and weapon (and 
20 possible typ: vf target ind 
types of weapons, thet in be 400 1 
lationships with five pots each, or a 
total of 2,000 pot 

In addition to slant 
range, the damage computer also solves 
two other important equations: 1) the 
probability of a hit 


P A (I Bi ( 


group of hve 
ombination of 


, 
ince there are 


calcul iting 


ind 2) the damage inflicted d = MW, 
where M is a constant and W is in 
cremental damage per hit 
grammed into the 
actual experience) Umpires can 
change the value of A and M to ft 
the problem and weapons 

The five pots store, for cach target 
weapon relationship, this information: 
1) B—tate of change of hit probability 
as range increases, 2) C—probability 
of a hit at long range, 3) P—proba- 
bility of a hit at zero range (zero in 
tercept of the probability curve), 4) 
R—maximum range of the weapon, 
and 5) W—incremental damage pet 
hit. 

The 14 channels of the selector 
switch are divided so that six are 
assigned to x, y and altitude informa- 
tion from the navigation computer 
(three for target and three for weap- 


( pro 


computer from 





When 
your 
problem is 


FLUID CONTROL 
specify . 
WHITTAKER 


PERFORMANCE REQUIREMENTS ' % WHITTAKER CONTROLS 


For a pressure actuated valve, i Fadia idl 
controlling flow of helium for LOX ‘ 


tank pressure regulation: ) , ali wih! F Research and Development 
‘A | Prototype Production 
Ambient Temperature ’ 4 Performance Testing 
65°F to +120°F y Environmental Testing 
ew’ Field Testing 
Temperature Shock m2 % Quantity Manufacture 
260°F for 5 seconds, then to "3 /; q y Field Servicing 


<——_— bi These facilities, together with the 

Pressure Shock . industry's most resourceful and 

0 to 3000 psi in 1% second ‘ competent engineering and technical 
2 3 ¢ : i personnel, are at your disposal, 

Control Tolerance s to solve your most exacting 

26 psig + zero 1.3 psi ae. fl hydraulic, pneumatic, and fuel valve 


in small ullage and control problems. 


= -} Put them to work today. 
Response Time . ‘ yy Write, wire or phone: 
Zero to rated flow in 1, second = : | Arthur C. Cocagne, Director of Field 

© / 4 Engineering, Whittaker Controls, 

Design considerations: Raté of flow | : a Division of Telecomputing 
of helium is fixéd by rate of ; , Corporation, 915 North Citrus, 
evacuation of LOX tank; friction in i = | Los Angeles, California. 
all metering elements must be § Phone—HOllywood 4-0181. 


minimal at all temperatures; chatter Bs} Field offices — Indianapolis, Atlanta, 
must be prevented despite pressure le Seattle, Wichita, Fort Worth, 

shock; response must be rapid . 4 Hempstead (Long Island), N.Y. 
despite long signal sensing lines > ‘.¥ 


Results: A valve (P/N 121485) iy é WC 


meeting all of these requirements is 


now operational — another Whittaker 


contribution to America’s " : ‘ ‘ WHITTAKER CONTROLS 


missile program. ’ . te if \ A Division of Telecom puting Corporation 
; ‘ * Brubaker Electronics + Whittaker Gyro 
Data Instruments + Engineering Services 
Whittaker Controls « Nuclear Instruments 


o 
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Improve Your 


with a standard multiple 
purpose off-the-shelf drum 


The 512-A Bryant general purpose magnetic storage drum meets 
the exacting requirements of a production component, yet has the 
versatility necessary for laboratory work. This standard 5” dia. x 12” 
long drum is stocked for immediate shipment, complete with stand- 
ard components such as general storage brackets, recirculating 
register brackets and magnetic read/record heads. Its low price 
reflects the benefits of Bryant's 25 years’ experience in the efficient 
design and production of high speed precision spindles. 


Features: 


Guaranteed accuracy of drum run-out, .00010” T.1I.R. or less 
Integral drive — Bryant precision motor (1200 to 12,000 R. P.M.) 
Capacities to 625,000 bits 

Accommodates up to 240 magnetic read/record heads 

High density ground magnetic oxide coating 

Super- precision ball bearing suspension 

Vertical mounting for trouble free operation 


Special Models: If your storage requirements cannot be 
handled by standard units, Bryant will assist you in the 
design and manufacture of custom-made drums. Speeds 
from 60 to 120,000 R. P. M. can be attained, with frequencies 
from 20 C.P.S. to 5 M.C. Sizes can range from 2” to 20” 
diameter, with storage up to 6,000,000 bits. Units include 
Bryant- built integral motors with ball or air bearings. 
Write for Model 512-A booklet, or for special information. 


Remember .. . you can't beat a Bryant drum! 


BRYANT COMPUTER PRODUCTS DIVISION 
BRYANT CHUCKING GRINDER CO. 


P. O. Box 620-L, Springfield, Vermont, U.S.A. 
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on); four contain timing pulses; two 
connect the stored information; two 
are assigned to constants A and M; 
and the remaining two are spares. 

Here’s how the computer follows 
the action (see schematic, page 24) 
When a commander “acquires” a tat 
get (sets the sights of a specific weapon 
on a specific target) he pushes an 
acquire button, sending information 
ibout which weapon is aimed at which 
target. An electronic acquisition switch 
selects the proper channels in the com 
puter so that the slant range between 
that target and that weapon is re 
peatedly calculated. When the weapon 
is fired, the computer calculates the 
probability of a hit. At the same time, 
a special timing pulse triggers a gate 
and the first pulse from a continuously 
operating noise generator opens the 
gate. How long the gate stays open 
depends on the voltage generated by 
the solution of the probability equa- 
tion. Output signals range from 50 
volts for a zero hit probability to 
100 volts for a 100 percent hit prob 
ibility. If a second pulse goes through 
the gate while it is open, there has 
been a hit 

Before the damage computer was 
developed, umpires decided whether 
a hit occurred or not by throwing dice 
since such an occurrence is deter 
mined on a statistical basis 

If a pulse moves through this first 
gate it opens a second gate. How long 
this one stays open depends on the 
output of the solution of the damage 
equation. Pulses (from still another 
generator) that move through this 
gate while it is opened are counted; 
each count subtracts about | percent 
effectiveness from the target 

Actually, the computer can serve 
only as an aid to umpires; human judg- 
ment is still required for a final deci- 
sion. For example, suppose a flight of 
four aircraft is attacked so that the 
flight’s remaining effectiveness is cal- 
culated to be 50 percent. It is up to 
the human umpire to decide how to 
distribute the sling He might de- 
cide that two aircraft were destroyed 
completely and two were untouched. 
Or he might feel that under the cir 
cumstances all four would be damaged, 
reducing the effectiveness of each 
plane by 50 percent. 

© Same game, different answers—Be 
cause the outcome of a particular war 
game depends on what each side does 
every moment, it is not uncommon to 
play the same problem several times 
with widely differing results. The 
results can be so dispersed that the 
White group might win the problem 








>r ret 7 
peneeeeeree 


— > 
2a = +<é 
+e 

& 
Uniformity of Fiberglass wool is improved by close temper 
ature control with Honeywell Model 2HCT Precision Temperature 
Controller, Three Mode Electr-O-Volt Controller and Magnetic Amplifier 


Mode! 2HCT.2, single range contro! unit 


with 
able 
ony 


direct reading analog dial, is ovail 
in @ wide variety of ronges for 
millivoltoge or thermocouple input 








No moving parts 
converter input 


magnetic 


No stray electrical pickup 
60 cycle rejection of greater than 
6 x 10° 


Continuous automatic standardi- 
ration 


Sensitive to change of less than 
1 pv 
Full output power for 12 xv input 


deviation from set point 


Three-mode control available 
using Honeywell Electr-O-Volt 








Temperature Control within 0.05% 


with new 
Honeywell Temperature Controller 


The new Honeywell Precision Temperature Controller, series 
2HCT, operates magnetic amplifiers and similar devices for control of 
saturable core reactor furnaces whose temperature can be measured 
with thermocouples 


The 2HCT consists of a null balance input circuit with manually 
adjusted set points and a highly stable d-c amplifier. The difference 
between the thermocouple signal and the set point is amplified 100,000 
times to operate control circuits. Proportional band adjustment permits 
a decrease of sensitivity by a factor of 10 


There are 2 standard models: The 2HCT-2, which is shown above 
at left, and the 2HCT-3, which is designed for noble metal couples, 
covering temperatures from 0 to 3,000°F in 3 steps. Setting to 2 part 
in 3,000 is accomplished with a direct reading digital dial 


For applications requiring reset and derivative control functions, 
the 2HCT is used with a Honeywell Three Mode Electr-O-Volt Con- 
troller. Write for 2HCT Specification Sheet to Minneapolis-Honeywell, 
Dept. 34, Boston Division, 40 Life Street, Boston, Mass. 


Honeywell 
Fut we Coitrel 
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Position and motion 
ynputers that continuall) 
f each vehicle on each sid 
here are 48 in NEWS 


rammed into the cor | 
er 








ww the generator 


one time, and the Green the next 
Such variety may be one of the ma 
chine’s biggest advantages. Another i 
the fact that many Naval officers can 
be exposed through NEWS to the 
( ipability of complex and expensii 
weapons, weapons they could never see 
otherwise. As Lt. Cmdr. D. C. Red 
grave of the staff say How mam 


Naval officers will get a chance to fire 
e@ e a es 1 POLARIS missile in peacetime?” 


Answering his own question he add 

| Probably only 1 rat 7en OT 0 be¢ 1s 
Vi Uj i R H - AD broadsheet! | the cost would be prohibitive. Under 
. | such conditions, how are we going to 

| train a lot of officers in it: ipabilitic 
“Using NEWS,” Redgrave con 
tinues, “we can expose hundreds of 
officers a month to the strategic and 

wide range of MUIRHEAD Synchros, Servomotors, tactical capabilities of POLARIS.” 
To emphasize what NEWS will 
mean, some of the War College fa 
ulty members estimated what it would 
individual instruments. cost to run a simple problem on the 
sea with ships, aircraft and weapons 


This new edition contains brief specifications of the 


Linvars, Resolvers, and Tachogenerators in current 


production. Complete data sheets are available for 


Muirhead TECHNIQUE, a quarterly journal for all designers, regularly I he | } 1] : ¢7 { 1] 
contains news of additions to the Synchro range. ie tota , OVET “ munon 


NEWS handled the same problem in 
1 few hours at a cost of $50 per hour 
Over 85 per cent of NEWS is spc 
cially designed equipment, never built 
MUIRHEA PRECISION before. One additional problem de 
signers faced was a shortage of space 

ELECTRICAL INSTRUMENTS for the simulator. The entire machine 

with umpire rooms and command 


centers had to fit into the War Col 
MUIRHEAD INSTRUMENTS INC., 677 Fifth Avenue, New York 22, N.Y., U.S.A lege’s traditionally-filled Sims Hall 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada Designers had to squeeze NEWS into 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 1 single wing, three stories high 
2/3 Lewis H. Young 
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All of the above literature is available on request. 














IMPROVED SWITCHING CHARACTERISTICS! 





DELCO HIGH POWER 
TRANSISTORS 
OFFER UNSURPASSED 
PERFORMANCE 
FOR HIGH VOLTAGE, 
HIGH POWER 
APPLICATIONS 





Maximum Collector Current 


| 





TYPICAL CHARACTERISTICS AT 25°C 


DT100 | DT80 |2N174A | 2N174 
| | 





Maximum Collector Voltage 
(Emitter Open) 





Saturation Resistance 





Thermal Gradient 
(Junction to Mounting Base) 





Nominal Base Current 
Is (Vec=2 volts, lc=5 amps) 





Collector to Emitter Voltage (Min.) 
Shorted Base (ic=.3 amps) 





Collector to Emitter Voitage 
Open Base (ic=.3 amps) 

















60 


| volts 








*Designed to meet MIL-T-19500/13A (Jan) 8 January 1958 


HERE IS ALINE OF TRANSISTORS SPECIALLY 
DESIGNED FOR SWITCHING APPLICATIONS. 


Check your switching requirements 
against the new characteristics of 
Delco High Power transistors. You 
will find improved collector to 
emitter voltage characteristics. 
You will find higher maximum 
current ratings—15 amperes. You 
will find that an extremely low sat- 
uration resistance has been retained. 


Another important improvement 
is the solid pin terminal. And, as 
always, diode voltage ratings are 
at the maximum rated temperature 
(95°C.) and voltage. 

Write today for engineering data 
on the new characteristics of all 
Delco High Power transistors. 


DELCO RADIO 


Division of General Motors + Kokomo, Indiana 


BRANCH OFFICES 


Newark, New Jersey Santa Monica, California 
1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 
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TUNG-SOL POWER TRANSISTORS IMPROVED 


THREE WAYS BY: 


NEW 


Tung-Sol’s new true cold-weld seal represents a major 
advance in technology. An_ exclusive 
Tung-Sol development, cold-weld sealing increases 
TO-3 outline package efficiency and brings designers a 
threefold bonus in over-all transistor performance. 


transistor 


Improved thermal qualities. The cold-weld process 
produces a hermetic, copper-to-copper seal and makes 
possible a 100% copper transistor with thermal prop- 
erties superior to previous high power types. 


Improved reliability. Cold-weld encapsulation elimi- 
nates heat damage, “‘splash’’, and heat-caused moisture 
that can impair transistor performance. 


THESE TUNG-SOL HIGH POWER (TO-3 OUTLINE) 
TRANSISTORS FEATURE THE NEW, COLD-WELD SEAL 


BYCES BYCEO hFe 

(V8e= +1.Ov) (ip =0) (ic =1.0 A) 
Volts (Min) Volts (Min) 

—40 —20 

—80 —40 

—60 —30 

—105 —60 
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Longer efficient life. Even through temperature fluctu- 


ations that cause “‘breathing’’, the cold-weld seal stays 


vacuum-tight, moisture-proof—result of actual integra- 
tion of the copper molecules during sealing. 


Tung-Sol power switches with the new cold-weld seal 
withstand the most rigid combination of tests given any 
transistor—the 100 psi “bomb” immersion test and the 
critically sensitive Mass Spectrometer leak test. Fur- 
ther, they meet all military environmental require- 
ments. For full data on the improved Tung-Sol types 
... to fill any transistor need, contact: Semiconductor 
Division, Tung-Sol Electric Inc., Newark 4, New Jersey. 


IMPROVED SPECIFICATIONS OF TUNG-SOL 
COLD-WELDED HIGH POWER TRANSISTORS. 


Collector Dissipation @ 25°C*...50 Watts 
Collector Dissipation @ 55°C*...25 Watts 
Thermal Resistance 1.2° C/Watt Max, 
cso @ Vce=—25vT ..0.5 Ma Max 
icsO @ Vce= —25vT 7.5 Ma Max 
Storage Temperature 55 to +100°C 


*Movunting base tempercture 
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WHAT’‘’S NEW 


Moon Shot 
Demonstrates 
pace Control 
echniques 












Pioneer lunar orbit 


first stage with modified se 
On the launching pad at Cape 


Vanguard engines 
Canaveral, the fully 


ft tall towering over m 





A combination of control techniques 
directed the Air Force’s Pioneer lunat 
probe to a record-breaking altitude of 
80,000 miles pitch control of the 
rocket’s yaw axis by shifting engine 
nozzles to change the thrust factor, 
roll control of the missile’s longitudi 
nal or roll axis to change direction, and 
velocity control. Although Pioneet 
failed to reach its target (close enough 
to the moon’s gravitational field so it 
could orbit the moon), the epic trp 
tested control techniques and pointed 
out some limitations in current hard- 
ware and philosophy. 

Still in doubt is why Pioneer missed 
its target. From Air Force sources in 
Washington comes the explanation 
that the incorrect trajectory was caused 
by drift in the gyroscope of the first- 
stage rocket control, dnft which went 
uncorrected too long. Blaming friction 
in a bearing for the trouble, an Air 
Force official said the rocket was 
pushed to an angle of 3.5 deg too high 
off course, reducing the escape velocity 
by about 800 ft per sec. 

¢ An opposing view—But from Cali 
fornia comes another explanation. En 
gineers close to the project at Douglas 
Aircraft (which supplied a Thor mis 
sile for the first stage) claim the first 
stage performed within Air Force 
specifications. They blame Space 


Technology Laboratory's (prime con- 





combines 
md- and third-stage 


assembled probe stands 88 


sile men 


Thor missile as 
] 


tractor for the Air Force’s moon shot 
overemphasis on a super-precise tra 
jectory, and a diminution of interest 
on the attainment of escape velocity 
These men claim, for example, that 
the accelerometer in the second stage 
cut off the engine with 10 sec burning 
time remaining. This unused power 
they say, would have provided as much 
is 1,500 fps more velocity 

After the Ai 


lorce’s unsuccessful 


try at a lunar probe in November, 
Pentagon officers said they had stayed 
with Pioncer’s control system. Only 


light modifications were attempted 
Here’s a rundown on the controls used 
in all the Pioneer probes 

e First stage—Pioneer’s first stage 
was the Air Force’s IRBM Thor (built 
by Douglas Aircraft), minus the mis 
sile’s AC Electronics-designed radio 
inertial guidance keep 
overall missile weight down, an RCA 
autopilot was substituted 
for Thor’s normal inertial guidance 
platfonn. According to an Air Force 
rule of thumb, 1,000 Ib saved in the 
first stage means an extra 10 Ib for the 
instrumented payload (similarly, 10 Ib 
saved in the second stage amounts to 
an extra 10 Ib in the payload). 

The autopilot keeps the vehicle on 
a preset trajectory by gimbaling the 
thrust chamber of the liquid-propel- 
lant engine. Approximately 10 sec 


system. ‘To 


designed 






















ifter takeoff, the autopilot rolls the 
vehicle into an azimuth of 71 deg. The 
missile maintains that attitude through 


small vernier en 


engine cutoff. ‘Twe 
gines check mi oll and give addi 
tional velocity and directional control. 


¢ Second stage—When propellant in 
the first-stage tor is exhausted 
bout 157 se fter launching—Pio 
rocket ignites. This 
is a substantially modified version of 
the Aerojet General liquid-propellant 
engine used in the second stage of the 
Vanguard. ‘The upper portion of the 
rocket has been altered to permit in 
stallation of a control package specially 
designed by STL and assembled by 
RCA. Components include an auto- 
pilot, i precision-integrating accelerom- 
eter and telemetr Min 
neapolis-Honeywell supplied the gyros 
ind heating assembly for the autopilot; 
Reeves Instrument pri 


neer § second-stage 


equipment 


wided the pre 
cision accelerometer 
lhe second-stage 
vated at the time of 
tion. it pitch and yaw 
deviation by swiveling the engine's 
thrust chamber. Aerojet-General power 
servos provide the muscle. Roll con 
trol is obtained through a conventional 
switching system connected to fixed 
gas jets in the propulsion unit. RC 
electrical networks control damping 
The autopilot was originally de 


utopilot is acti 
booster separa 


corrects for 
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NEW Compactness... NEW Versatility in 


ROTARY SWITCH DESIGN 


SHALLCROSS Miniature ROTARY 
SELECTOR SWITCHES give the 
long-lasting dependability of multi-leaf 
wiper, button-contact design . . . and 
the added advantages of compactness 
and new versatility. The sketches below 
detail some of the many unusual fea- 
tures of this new switch series . . . 





11%4°, 22'2°, 16°, 30° INDEXING 
112,344 POLE 


24 Contact 48 Contact 32 Contact 





ROTORS SPRING RETURN 


o> Cluster ¥ or 2 Wey 


Standard With 
Detent 








MOUNTING 
ONE HOLE TWO HOLE 


a RR 
re \\ 


Bushing %-32 6-32, 1% 8-32, 1% 














ELECTRICAL SPECIFICATIONS: Operating Voltage—to 
2000 volts; Breakdown Voltage—to 3000 volts; 
Breaking Current—5 amp @ 125 V. ac.; Carrying 
Current—15 amp. 


Write for complete specifications on the new 
Shallcross ‘Miniature Series’’. 


SHALLCROSS MANUFACTURING COMPANY, Selma, N. C. 
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Payload package (black 


sits on top of second 


yload are cight 
round t¢ rrect 


veloped for use in the second stage of 
the Air Force’s ‘Thor-Able reentry 
vehicle. One significant modification 
has been made to program it for lunar 
shots: near the end of nd-stage 
burning, the autopilot pitches the 
vehicle slightly downwards to put it in 
the proper position for third-stage ignt 
tion. In the October shot, this 
maneuver was successfull xecuted, 
pitching the vehicle 13 deg (the de 
gree of pitch varies for each shot, a 
cording to the position of the moon). 

Pitching maneuver is activated by a 
signal from the precision accelerom 
eter. Also developed for the Thor 
Able project, the instrument is an 
existing Reeves unit, slightly adapted 
mechanically and electrically. Its prime 
iob is to shut off the engine when a 
velocity of 28,000 fps is reached. 

During the shutdown sequence 
after the vehicle has been pitched 
downward and the engi ut off 
cight small rockets, a hed to the 
second stage, are fired t pin the 
vehicle about its longitudinal axis at 
the rate of two rps. The spin, together 
with the configuration and weight dis 
tribution of the payl id, keeps the 
vehicle pointing at approximately the 
same point in space throughout its 
entire flight—including its lunar orbit 
if it ever achieves onc 

¢ Third stage—Following spin sta 
bilization, the second stage separates; 
simultaneously, the third-stage engin« 
ignites. An Allegheny Ballistic Labora 
tory solid propellant rocket, the third 
stage was also originally developed fo 
the Vanguard program; its nozzle was 
redesigned to fit over the lunar probe's 
second-stage control package 

The third stage is separated from 
the payload by a ground signal routed 
through the Doppler receiver in the 
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NO EQUAL IN SIMPLICITY! 


ONLY 3 MOVING PARTS IN ASCO 3-WAY SOLENOID VALVES 


Millions of Trouble Free Operations... are the result 
of the simplicity designed into ASCO 3-way solenoid 
valves. Fewer wearing parts mean substantial savings 
in maintenance costs...reduction in down-time losses. 

Simple in construction, ASCO 3-way solenoid valves 
are simplicity itself in operation—solenoid piloting of 
two simple diaphragms. Absolutely tight seating is a 
feature —no closely fitted parts or valve seat grinding 
are required. 

Exceptionally large flow capacity permits rapid fill- 
ing and venting of cylinders ...valves operate up to 
400 cycles per minute. 

Conversion from normally open to normally closed 
—or the reverse —takes just 30 seconds; 
rotation of the valve bonnet required. 

ASCO 3-way valves can be supplied with general 
purpose, water tight or explosion-proof enclosures, and 
may be mounted in any position. Valves are available 


only simple 


Automatic Switch Co. = « 


50-G Hanover Road, Florham Park, New Jersey + FRontier 7-4600 


. 


in %”, 4%” and %4” sizes, all with full flow capacity 


provided by oversize pressure and exhaust orifices. 
Standard Bulletin 8316 Valves are suitable for air, gas, 


oil and water at pressures up to 250 p.s.i« higher pres- 


sures can be handled by modified versions. 


New! Catalog No. 202 covers the ASCO line of 


Solenoid Valves. Write for your copy today. 


For Immediate Delivery. . . 
World's largest stock 

of Solenoid Valves. 

A complete Solenoid Valve 
Stock List will be sent 

to you with your copy 

of Catalog No. 202. 


cs 





AUTOMATIC TRANSFER SWITCHES 


SOLENOID VALVES - 


ELECTROMAGNETIC CONTROL 





BARBER 
COLMAN 





the practical solution 
to many complex 
control probiems 


Across industry today, Barber-Colman 
ultra-sensitive d-c relays are solving 
control problems in a wide range of 
applications such as communications, 
nucleonics, instrumentation, process 
control, railway signal transmission, air- 
craft temperature control and: remote 
positioning systems. 


Polarized Micropositioner 
Relays — The Barber-Colman 
Micropositioner is an ultra- 
sensitive polarized d-c relay 
capable of operating on input 
powers as low as 40 microwatts. 
Available in three types of 
adjustment: null-seeking 
symmetrical magnetic-latching or 
conventional form C snap-acting. Can 
be operated in excess of 100 cps. Selec- 
tion of enclosures and mountings. 


Transistorized Polar Relays — The 
Barber-Colman transistorized relay is 
an adaptation of the Micropositioner 
that features a built-in transistor pre- 
amplifier, which greatly reduces the 
input required for contact operation. 
Choice of null-seeking . . . symmetrical 
magnetic-latching, or form C snap- 
acting contact operation 


Resonant Retays — Characterized es- 
pecially by low operating power and 
narrow band width. Standard units can 
be tuned to any frequency between 115 
and 400 cps. Special units have been 
built to resonate as low as 1624 cps. 





THE WIDE LINE OF BARBER-COLMAN ELECTRICAL 
COMPONENTS includes: D-C Motors for industrial 
equipment and aircraft control applications. Out- 
put up to 1/10 hp permanent magnet and split 
series types various mountings and speeds 
also available with gearheads or blowers Tach 
Generators for accurate speed indication and 
servo rate control applications. Choppers that 
require extremely low driving power Resonant 
Relays characterized by low operating power, 
narrow band width. Ultra-Sensitive Polarized Re- 
lays operating on input powers as low as 40 micro- 
watts. 400 Cycle A-C Motors for aircraft and 
missile applications 


TECHNICAL BULLETIN SERVICE d 
on all Barber-Colman electrical | 
components. Detailed specifica- —— 
tions, performance data, circuitry ¥ 
drawings. Write for bulletins on a) 
— 
-——_—o_ 


tach generators any or all products 





BARBER-COLMAN COMPANY 
Dept. L, 1848 Rock Street, Rockford, Illinois 

Small Motors * Automatic Controls * Industrial Instruments * Aircraft Controls 

Electrical Components ° Air Distribution Products ° Overdoors and Operators 

Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 
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payload package. Immed 
separation, telemetered « is used by 
the lauching crew to compute the 
position and speed of the payload 
package If the ground cre\ 
that additional velocity cor 
needed, all or a p rt 
nier rockets, atta 
package, are fir 
inother ground 
rockets from the 85-lb 
¢ The payload—Of th 
25 lb are instrument 1] 
toroid shaped ] Kal 
on a modified ‘Th | < 
pellant retro ro 
omes within 4 
moon, so that th 
lunar orbit, the ret 
1 command signal fr 
station on Hawaii 
payload’ flight 
ind pushes it int 
tional field 
In the Octob 
ure prevented at 
probe into orbit 
was short of th 
held by almost 
lorce muussil 
failed because 
to >> deg 
lowed down 
ie flight path 
¢Army’s plans—R 
ised the deviat 
the October lunar 
men agree that th 
been corrected b 
using a radio 
yokesmen 


the gyre 


hye troubl wou 
if the Thor had 
radio-inertial 

the Army 

probably 

John M 

Ordnance 

chicle will be 
ground control—an 
Army plans to install 


the first-stage en 


¢ Instrumentation package 
lunar probe } will Cart 


mentation than Pi 

pace. In October tl 

ion chamber to 1 

of radiation (it 

hile of cosmi 

had), a magn 

netic field it 

that the earth acts 1 bar magnet), 
ipparatus to measure temperatures in 
the instrument package, micrometeor 
measuring equipment, a rudimentary 
television scanner, and telemetry gear 





WHAT’S NEW 


Navy’s NORC 


gets new high-speed 
printer to facilitate missile 
simulations, will soon have a 
universal digital data tran- 
scriber at work. 


DAHLGREN, VA 

U.S. Navy missileers can simulate 
missile flights faster and more exactly 
is the result of new output equipment 
just added to N¢ IRC (Nav il Ordance 
Research Calculator) at the U. S 
Naval Proving Grounds. ‘The nation’s 
fastest and most powerful electronic 
omputer—< ipable of performing 15, 
let 


O00 ymplet irithmetic operations 


per NORC has started feeding 
rapid-fire calculations into a new high 


peed printer that prints re ults on 
microfilm at the rate of 15,000 charac 


per si its LO.000 points pet 


new device is a Stromberg 

m Model SC 4010 high-speed 

microfilm | developed especial 
use with NORC. It can 


© record data on microfilm at speed 


nt 


up to 15,000 characters per se 

P plot graphs on microfilm at speed 
up to 10,000 points per sec 

P project selected data on a direct 

Win reen i than & see attet 
him exposu 6 sec after the 
latio ( 

lo do this, the printer uses 
eparate cameras, both focused 
tinuously on the face of a Charactron 
shaped beam tube (SC’s well known 
cathode ray tube with the built-in 


phanumeric matrix \ high-speed 


i| 
Inad camera is used to make a pet 


per 
manent microfilm record. A British de 


igned, Kelvin-Hughes, self-processins 


imcra-projector upplies an almost 


immediate look at the data. Film is 


] } 
developed 1 ipidly and then 
magnified, onto a screen 


projected 


Data is prepared in pages’ 


frames; cach page can carry up to 120 


digits per line and a total of 60 lines 
It takes about 8 sec to fill up a page 
On the same page, a programmer can 
ask for and get a variety of information 
in different forms. For example, the 
machine will plot curves such as mis 
ile trajectories, numbering the co 
ordinates and labeling the curves 
simultaneously. Or it can print out a 
omputation such as a table of sines 
ind cosines. Or it can plot out the 
design of a part which has been calcu 
lated mathematically. 

¢ General-purpose activity—Installa 
tion of the new printer coincided al 


a-¢c emall moftore 


high quality...at low cost 





for timers, recorders, 
microtiim cameras, 
chart drives, switches, 


and similar applications 


synchronous 
-O01 to .0045 hp 


Barber-Colman synchronous small 
motors develop more than 30 times 
the power of ordinary clock and 
timing motors. High pull-out torque 
gives power reserve for operation 
under adverse load and supply 
Cooling fans voltage conditions. Synchronize 
with a agene 7 OO : 
centered, poli 
aluminum blades _ , . 
ere tendend speed. These are superior quality 
covenant Se. motors . . . with open and enclosed 
me gency gear trains... to meet needs of 


rapidly to 3600 rpm synchronous 


a wide range of critical applications 





other motors 
in the Barber-Coiliman 


lime — unidirectional and 
reversible nonsynchronous motors 

— up to 1/20 hp — With and 
without reduction gearing — open 
or enclosed types. Expert 
engineering service available to help 
you get the exact motor needed, at 
the right price, for your application. 





FREE CATALOG HELPS SELECT MOTOR NEEDED 

Get this helpful condensed catalog of Barber-Colman shaded pole 
small motors Contains complete descriptions of above motors, 
shows typical specifications, performance choracteristics, control 
circuit diagrams. Write for your copy 


BARBER-COLMAN COMPANY 
Dept. L, 1248 Rock Street, Rockford, Illinois 

Small Motors ¢* Automatic Controls ¢* Industrial Instruments * Aircraft Controls 

Electrical Components ° Air Distribution Products ° Overdoors and Operators 


Molded Products * Metal Cutting Tools * Machine Tools °* Textile Machinery 
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OPTIMUM 
PROCESS 
CONTROL 


Alig mel) ae lar-ilele. 


computers 


no @ moving parts 
no @ vacuum tubes 
no @ contacts 


SIE CM-2 Analog Computers provide precise control in 
chemical, petrochemical, refining, and similar process appli- 
cations, to a degree never before possible. Using this new 
concept, process variables are taken into account in adjusting 
set-points automatically to achieve optimum output yield. 


Using Magnetic Amplifiers and Transistors CM-2 Series 
Computers have a trouble-free life expectancy in excess 
of 100,000 hours, yet in a typical fractionator application 
now in operation, computer cost was less than $5000. 


Write For Brochure Describing Applications in Feed-Ahead, 
Feed-Back, and Operator Guidance computations. SIE engi- 
neers will welcome the opportunity to discuss the use of CM 
computers in your specialized process control applications. 


SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
A Division of Dresser industries, inc. 
2631 Post Oak Rd. ¢ P. OC. Box 130658 ¢ Houston 19, Tex. 
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inost exactly with the 40th birthday 
of the Dahlgren proving grounds, 
where the Navy test-fires every gun 
barrel put on a Navy ship. In recent 
years, the growth of NORC has 
tended to change the complexion of 
the work at Dahlgren. Since 1955 
the Navy has operated a general-pur 
pose computation center at Dahlgren, 
solving problems for its own branches 
and other governmental agencies 

Probably the biggest use of the new 
device will be in plotting simulated 
missile flights. Naval engineers have 
already ‘flown’ missiles (such as 
Polaris, the Navv’s long-range, solid 
propellant weapon) on NORC to find 
bugs in design or proposed flight path. 
But the results have not been as accu 
rate as missile designers would like 

The more detail you put into a 
mathematical simulation model the 
more accurate are the results. But the 
more detail inputted, the more data 
outputted, and the amount mush 
rooms exponentially. Most missile en 
gineers are chary about asking for too 
much detail, lest they flood the com 
puter 

Even with such restraint, it has been 
necessary frequently at Dahlgren to 
slow NORC to a five-day week (op 
erating 24 hours per day) while run- 
ning the output equipment seven days 
a weck to keep up with the data 

Now missile designers will be able 
to ask for most of the data they would 
like to have with little loss of time 
ind practically no extra cost 

«More improvements—The new 
printer is just one of several improve 
ments scheduled to go into operation 
at Dahlgren shortly. Before the end 
of the year, the computer’s 2,000 word 
electrostatic memory will be replaced 
1 augmented by a 20,000, word mag 
netic core memory 

Early next year a specially designed 
universal data transcriber will start 
working for NORC, converting digital 
data in any form (punched tape, mag 
netic tape or punched card) to any 
other form. Being built by Navy per- 
sonnel at Dahlgren, the equipment has 
been designed under the supervision 
of M. S. Maxwell of the computation 
and exterior ballistics laboratory. Heart 
of this machine is a _ micro-pro- 
grammed, semi-variable _ structure, 
stored-programmed, single address, 
binary computer. 

The system depends upon micro 
programming (by plugboard) to gen 
erate special orders which will trans 
fer data from one external input device 
to the computer memory and then to 
the desired external output device. 





COULD 
YOU DETECT 
0800" _ 


ee. 


REVOLUTION ? 


Detecting microscopic shaft movement of as little as 2 minutes 
well beyond the ability of most standard synchro units— 

can now be accomplished with new synchros designed and 

produced by Ketay, and available for immediate delivery. 

Such increased accuracy, three times better than the highest 

Mil Spec requirements, is the result of Ketay design and 

production competence. 

Ketay has also developed a complete line of improved thru-bore 

synchros to the new Mil Spec 20708 (supersedes Mil Spec 16892). 

These improved units are available at no increase in cost in a full 

line of control and torque types, with frame sizes from 08 to 23. 

Thru-bore construction and stainless steel housing make them 

more rugged and more reliable as well as providing better 

accuracy and greater stability. Ketay is the only approved Bureau 

of Ordnance source currently manufacturing and shipping all 

these units. 


Ketay research and development engineers are regularly working 
Ketay precision on advanced new components and prototype control system 
components problems for the armed forces and leaders in the aircraft and 
SYNCHROS 2c > , > > > y y i 5 
RESOLVERS missile industry. Let them help solve your special problems in 
POTENTIOMETERS component performance and environment adaptability. 
SERVOMOTORS 
TACHOME TERS 
SERVO AMPLIFIERS 
GYROMECHANISMS 


Catalogues available. " ° 


*NORDEN * DIVISION of United Aircraft Corporation 


KETAY i Commack, Long Island, N.Y. 
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Another example of SYSTEMS CAPABILITY at Sanders Associates, Inc. 


<e 


$V324 


Servo Valve 


ELECTRO-HYDRAULIC CONTROL 
COMES DOWN TO EARTH! 


Feedback principles that control missiles and 
aircraft in flight now produce uniform road grades 
regardless of ground variations. 


This electro-hydraulic feedback system for controlling heavy earth- 
moving machinery, developed by Sanders Associates, Inc., is now 
in the field test stage. 


In this application, the blade of a road grading machine is auto- 
matically controlled at a pre-set angle regardless of the contour 
or roughness of the ground over which the grader travels. Leveling 
accuracy of the system is % inch in ten feet or 1 milli-radian. 
The result is faster, simpler grader operation, improved smoothness 
of road beds, reduced operating costs. 


This is another example of how the integrated “systems engineering” approach 
at Sanders can provide unusual and effective solutions to your control problems 
in industrial, marine, missile, aircraft, or atomic fields. 


Sanders manufactures and supplies all major components of 
electro-hydraulic control systems; a complete line of servo valves 
for positioning; rate gyros and accelerometers for sensing; elec- 
tronic components for amplifying and decision-making. This prac- 
tical experience in hydraulics, electro-mechanics and electronics 
can expedite development of new automatic control systems for 
machine tools, structural testing, materials handling and construc- 
tion equipment as well as. military applications. 


SANDEAS ASSOCIATES, inc. 





NASHUA, NEW HAMPSHIRE « Dayton, Ohio « Inglewood, California * Washington, D.C. 
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Numerical Control 


achieves tool builder's 
acceptance, makes possible a 
radical new design, AIEE meet 
ing hears. 


HARTFORD 


Che tenth annual AIF Machin 
lool Conference held in’ Hartford 
Conn., unquestionably was the best 
in the seri thanks to a diversified 

ft] irticipat 
l engi 


hn he er 
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hvbrid machine t 
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potentialitny 0 

his machine combi 
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controlled — by iG 
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John D. Cooney 
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MAGNETIC 
TAPE 











affect recording quality 


AMPEX INSTRUMENTATION TAPE shows up important differences in FM-carrier recording 


The signals you see in the scope result from a very real 
difference between two magnetic tapes. On FM-carrier data, 
one is a shining success and the other is a dismal failure. 
Herein lies a trap for the unwary because both are currently 
sold for instrumentation use. 

Say “FM-carrier” to a magnetic-recording expert and 
chances are two to one the first thing that pops to his mind 
is low frequencies. No other tape technique can match FM- 
carrier's ability to cover frequencies from a high of 10,000 
or 20,000 cycles right down to a low of DC. 

Yet the most important quality in a magnetic tape for use 
on FM-carrier recording is high-frequency response. Contra- 
dictory? Not a bit! Since it is a modulated carrier that gets 
recorded, the tape itself sees nothing but relatively high- 
frequency signals whether the data are high frequency or 
low. Eliminate any high-frequency components and a dis- 
torted playback will result. 

It was a lack of high-frequency response that caused the 
poor signal on the scope to the right. The surface of this tape 
in effect separates the oxide from the recorder’s heads by 
5/100,000ths of an inch. This is sufficient to cause the dis- 
torting effect you see 

Performance of Ampex Instrumentation Tape is shown on 
the scope to the left. Its characteristics are exactly the oppo- 
site. Head-to-tape contact is exceptionally good because the 
exclusive Ferrosheen process has eliminated even the micro- 
scopic lifting of the tape normally caused by surface rough- 
ness. Also, Ampex Instrumentation Tape has magnetic prop- 
erties that cause it to resist high-frequency demagnetization 


Both tapes were recorded on the same machine at 60 
in/sec. Input signal was 500 cycles at 1 volt. Scopes show 
the playback of each. 


A 4-DECIBEL BONUS 


Even in a sampling of various makes of tapes having suf- 
ficient high-frequency response, our laboratory found as 
much as four decibels spread in FM-carrier signal-to-noise 
ratio, Cause of this difference is amplitude modulation. This 
is the change of reproduced-signal amplitude caused by va- 
riations in tape-coating thickness and by momentary loss of 
head-to-tape contact. 

The FM-carrier signal is recorded on the tape at near- 
saturation level. On playback this theoretically should give 
constant-amplitude peaks and precise crossovers. It doesn't. 
The variations are enough to shift the effective crossover 
points, contradicting the common belief that the recorder’s 
tape transport is the only determining factor in signal-to- 
noise ratio on FM-carrier. In our laboratory, one recorder 
tested all the tapes — proving the four-decibel difference and 
another advantage of Ampex’s super-smooth Ferrosheened 
surface! 


Though highly effective for FM-carrier data, Ampex In- 
strumentation Tape does not favor this one technique to the 
detriment of others. For example, the Ferrosheened surface 
is an advantage to all. Direct recording, in particular, was 
discussed earlier in this series. For additional technical data 
on magnetic tape, write Dept. HH-20. 
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RELIABLE 
TIMING CONTROLS 


You're looking at 35 solutions to critical timing problems! If your project calls 
for a precision timing device that must meet rigid requirements of accuracy, size, 
weight and reliability under the most severe operating conditions, you're destined 
to become a customer for one of Tempo’'s extensive selection of sub-miniature 
timing controls. 


The Time Delay Relays shown above are typical of what you will find at Tempo 
They are all-electronic, utilizing transistors and RC time-constant circuit elements, 
with no moving parts except the relay contacts. Available with 1, 2 or 3 pole, 
double throw relays and contact ratings to 10 amps resistive. Minimum guaran 
teed life is 100,000 cycles. Time delay occurs on pull-in*, may be recycled 
instantaneously. Input voltage is 28 vdc*. Weight of a typical model, including 
the relay, is just 2 ounces. And Tempo's Quality Control on these units includes 
100% inspection testing at extremes of temperature and voltage 


Delay times from .01 thr 
from +3% to 


TEMPERATURE —55 to 125°C 
INPUT VOLTAGE 18 to 31 vde 
SHOCK 50 g’s, 11 milliseconds 

*@Special order variations include: accuracies better than 3%; time 


delays longer than 30 seconds; externally adjustable delay times 
delay occurring on drop-out; 400 cps input voltage 


| FULLY QUALIFIED and SERVICE PROVEN g 
| Production quantities of Tempo timing controls 
| have been delivered for use in a wide range of 
| tant missile programs such as the Air Force's 


300 seconds*, with accuracies 
10% of nominai*, including effects of: 


VIBRATION 10 to 80 cps at 
-06 inch peak double amplitude. 
80 to 2000 cps at 20 g’s. 





industrial and military projects including impor- 





THOR, Navy's POLARIS and Army's LITTLE JOHN. 





For immediate solutions to your timing problems, talk to Tempo—today 
no 


Creating New Concepts in Advanced Electronics 


TEMPO INSTRUMENT INCORPORATED 
P.O. Box 338, Hicksville, N.Y. + Tel. OV 1-2280 + TWX Hicksville NY 429 


ENGINEERING SALES OFFICES: 
Baidwin, N. Y.—2270 Grand Ave., BA 3-8000/Lexington, Mass.—235 Bedford St., VO 2-1812 
Cleveland—24431 Oakhill Or., IV 1-5364/Chicago—6835 W Higgins Ave., NE 1.3400/Atlanta— 
254 E. Paces Ferry Rd., CE 3-9494/Cocoa Beach, Fla.—1301 Bay Shore Dr., Tel 2088/Wichita 
—211 Brown Bidg., AM 5-3553/Los Angeles—10351 W. Olympic Bivd., BR 2-4256/Montreal— 
736 Notre Dame St. W., UN 6-7367 
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Analog Techniques 


. are aired at International 
meeting. It looks like foreign 
users are just getting started. 


STRASBOUR FRANCI 


An international unding board 


for analog computer techniques was 
provided by the second Journees In 
ternational de Calcul Analogique 
meeting in Strasbourg, France in Sep 
tember. Over 300 scientist 

gineers, representing 2 
both 

tended tl 

sentatives 

Japan, Poland, and 
idvanced techno! 

technique stre | 
inalog computers th 
uit have not been 
Papers tl 


r techniques have 
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} present 
Ihe other, 
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been operating since 
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ke precision 


\ plugboard pro 
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potent 


esults appear on pl ttinge boar 


¢ What the Russians say—As long 


is discussions and questions stayed 





FOXBORO BREAKS “RANGE BARRIER” 
IN SMALL-FLOW TRANSMISSION 





Flows as small as .003 gpm 
acturately measured, 
nee with new Integral Orifice 


|FoxBoRo 2| | di/p Cell* Transmitter 


Now you can measure and transmit small flows 
with full accuracy and dependability! The new 
Integral Orifice dp Cell Transmitter easily han- 
dles exceedingly low flow rates formerly impos- 





sible in pilot plant operations, research problems, 


=4 and fluid ratioing. 








Installed directly in 

Foxboro Integral Orifice 
needs no meter primary device or connection- 
piping .. . and no straight runs. It can be in- 
stalled in any position. A direct 3-15 psi output 
signal is delivered to any standard indicator or 
recorder. 

range sele 


NW rates as 


uracy in measurer 

rate remote never and recor 

for complete details. The Foxboro Company, 
3612 Norfolk St., Foxboro, Mass., U.S.A. 





FOXBORO ween. ouriee 
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check your 


process instruments 


on stream with 


NEW 


WéT 


TRANSMITTER 


sensitive to pressure 
changes as small as 
0.01% of full scale 


Accuracy: 0.1% of 


full range 
A-755 with , . 9 
cover removed : 


26 pounds Standard range: — 1 to 24 
8Y2" x 13%” x 19%” p.s.i. other ranges available 


For complete information, write to Dept. A-124.28 


WALLACE & TIERNAN INCORPORATED 





25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 





HOW TO DETECT 
3 PARTS CHLORINE 
IN A MILLION PARTS AIR 





New W&T Solvay Chlorine Detector 
detects as little as 3 p.p.m. 
chlorine in a continuous air-stream 
sample. Automatically sets off 
alarm at higher concentrations. 


Write for Publication 50.118 





WALLACE & TIERNAN 


INCORPORATED 
25 MAIN ST., BELLEVILLE 9, N. J. 


1-55.28 *Manufactured under patent license from Solvay Process Div., Allied Chemical & Dye Corp. 
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away from Sputnik ind advances 
computer designs, the Russians wer 
willing to discuss their development 
Among the applications described b 
Soviet speakers was a computer which 
SOLVES equations ma 
parameters for th 
ploitation of oil fi 
state and dynamin 
the field are de 
Fourier differential 
However, the I | 
is complicated b ls of com 
plex boundary conditions that ma‘ 
occul kor a sing more than 
30.000 stored param have to be 
tored simultancoush 
lo solve thi ropl Ru 
ans constructed nu of thi 
dimensional netw 
unusual charact 
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ipacitors rather th 
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ilvzers \pproximat 
mary nodes provid 
Unequal grid spa 
iccurate simulation 
the field as oppé 
In other area th 
used analog techn 
their simplicity \ 
mputers have | 
mine opt il cutting 
hine tool One of th 
device using relaxation technique 
t a number of potentiometer 
cessively. ‘Twenty-three different para 
meters can enter th mputation 
¢ Computer train control 
sians also talked about Au 
computer used for the autom 
lation of the traction of a | 
his device, still in the 
tage although it has | 
ervice, 1s digital, u 
to hold variable Still 
tion of the machine 1 
of an analog—all operation 
ecuted in parallel 
Main criterion for th 
train motion is the tim 
cach section of track, information on 
train motions is ted 1 the com 
puter from sensors whi nformation 
on braking, wind 
curvature and speed 
cither stored or determin 
computer itself The m 
putes the time requi I 
ection of track, then mpat 
the schedule and adjusts traction 
One disappointing aspect of th 
meeting was the small U. S. partici 
pation. Only three papers were pr 
sented by American 
-Max Palevsky 
Packard Bell Computer Corp. 





E° Variable Transformers 





Enclosures ... Tandem Assemblies 


Model VT2—1.5 Amp. Max. Output 
Current at any Contact Setting (120 V 
Input). Load Rating: 0.20 Kva. Angle of 
Rotation: 320°. Standard Mounting: For 
panels up to 4%", by %”-32 Bushing and 


Rotation: 324 


Adapter Plate). Weight 


Model VT4—3.5 Amp. Max 
Current at any Contact Setting (120 V. 
Input). Load Rating: 0.49 Kva 
Standard Mounting 
Table mounting or for panels up to %”, 
Nut. Weight: 2.5 Ib. Pat. No. 2,790,882 by 3 screws %"-20 (or 4 screws with 
$.25 Ib. 


Output Model VT8—7.5 Amp. Max. Output 
Current at any Contact Setting (120 V. 
Input). Load Rating: 1.0 Kva. Angle of 
Rotation: 324°. Standard Mounting 
Table mounting or for panels up to %” 


by 3 or 4 screws “4"-20. Weight: 10.25 Ib 


Angle of 





Industry's Most Advanced Design! Ohmite VT continuously adjust- 
able autotransformers provide convenient, smooth, wide-range volt- 
age control for alternating current power circuits. Units deliver 
adjustable voltage, continuously variable from zero to (a) line volt- 
age or to (b) 10% or 17% above the primary line voltage — 
provide excellent voltage regulation — voltage remains practically 
constant at any setting, regardless of load fluctuations. 

Model VT2 has higher current and kva capacity than equivalent 
size transformers. Current is carried from contact brush to a 
copper-graphite slip-ring. A coil spring provides uniform pressure 
at this point; a long, spring-steel arm, insulated by a ceramic hub, 
provides pressure for the carbon contact. Positive internal stops 
eliminate possibility of damage to contact arm and brush due to 
application of torque at rotation limits. 

Model VT4, like the VT2, has higher current and kva capacity 
than equivalent size transformers. A low resistance path is assured 
by a pigtail directly connected from contact brush to the “slip- 
ring.” Contact heat is efficiently dissipated by the circular contact 
carrier plate. 

Tapped holes in the plate provide for 3-hole mounting. The mount- 
ing holes in the base plate, or in separate adapter plate (when spec- 
ified), provide for 3- or 4-hole mounting interchangeable with other 
similar transformers. The contact brush is readily accessible for 
service or replacement. The insulated shaft can be conveniently 
adjusted for either table or back-of-panel mounting. 

Model VTS8 possesses all the features of the VT4 and has a unique 
base plate which permits 3- or 4-hole mounting interchangeable with 
other standard types. 

Transformers can be provided with shafts of special length, with 
rear extension, special flats, etc. Bushings for VT2 can be made for 
special panel thicknesses. A “Micro-Switch” or similarly sensitive 
switch can be provided mounted on the transformer. VT Trans- 
formers can be provided with a motor drive for remote control or 
servo operation. 


OHMITE MANUFACTURING COMPANY 





Enclosures can be provided for portable or fixed use 
(back-of-panel or surface mounting). Portable housings 
may have a line cord, a receptacle, pilot light, fuse, or 
circuit breaker as specified 


4 


Tandem Assemblies VT Variable Transformers are 
ganged by means of plates and spacers. The shafts 
are joined by special couplings for Model VT2; a 
throughshaft is used for VT4 and VT8. Special tan- 
dem assemblies of VT Transformers and Ohmite 
Rheostats can be made as required 


3674 HOWARD STREET 
SKOKIE, ILLINOIS 


RHEOSTATS RESISTORS RELAYS TAP SWITCHES R&.F.CHOKES VARIABLE TRANSFORMERS TANTALUM CAPACITORS 
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‘DIAMOND Hi’ 


SERIES W 











General 
Purpose 
Relays 


MEASURE ONLY: 


1%4%’x14%’"’x1kh" 


; 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 

m, G.: 1. bp, 196-4. SRR, 

250 V., A.C.; D. C. and other 
», higher ratings on request. 


CONTACTS: 

DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 


», Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H’”’ engineers are 

— prepared to work out varia- 

» tions of these rugged, depend- 

® | able relays to meet your spe- 

© cific requirements in such ap- 

plications as automation 

' controls, appliances and air 

—) conditioning equipment, or 
= what you will. Just ask. 


THE 


HART 
‘ MANUFACTURING 
COMPANY 
165 Bartholomew Avenve 
Hartrord, Conn. 


Phone Jackson 5-3491 
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CONTROL ENGINEERING 


WHAT‘S NEW 


AROUND THE BUSINESS LOOP 


Space Agency Fills Out 


But while NACA’s replacement 
takes on most projects and per- 
sonnel as planned, it faces a 
fight over Redstone Arsenal. 


As the new National Aeronautics & 
Space Administration (CtE, Nov., P- 
42) began settling into its assigned ro 
of civilian shepherd for several Dept 
of Defense projects, a number of 
crimps developed, for the most part 
from military quarters But urgent 
though they appeared to be, it was 
highly doubtful that they constituted 
a real threat to the NASA program for 
taking over from the expired National 
Advisory Committee for Aeronautics: 

eProject Vanguard, the Navy satel- 
lite project on which about 150 civ ilian 
scientists are working under the direc 
tion of John P. Hagen of the Naval 
Research Laboratory 

¢ Three other satellite projects, and 
four—the Pioneer is one—involving 
lunar probes and their instrument. 
tion, all transferred from the Advanced 
Research Projects Agency. Now the 
ward of NASA, these projects have 
been assigned to the Air Force Ballistix 
Missile Div. and the Army Ballistic 
Missile Agency. To finance them, 
$59.2 million of ARPA funds will be 
transferred to NASA 

¢A number of engine development 
research programs now being carried 
on by the Air Force. These programs 
involve basic research in such areas as 
nuclear rocket engines, fluorine en 
gines, and the 1-million-lb-thrust sin 
gle-chamber engine. NASA will get 
$57.8 million of Air Force funds for 
this work. 

¢ The Army protests—At a meeting 
in Washington, D. C., of the Associa 
tion of the United States Army, two 
Army generals, Lt.-Gen. Arthur G 
Trudeau, chief of Army R&D, and 
Maj.-Gen. John B. Medaris, head of 
the Ordnance Missile Command, 
spoke out strongly against two other 
objectives of NASA: acquisition of 
all Army personnel and facilities at 
Redstone Arsenal in Huntsville, Ala., 
birthplace of the Explorer satellite, the 
Redstone and Jupiter missiles, and 
other projects, and acquisition of Cal 
Tech’s Jet Propulsion Laboratories at 
Pasadena, Calif. Medaris warned that 
Redstone’s momentum could be seri 
ously impeded by the delays resulting 
from absorption into NASA 


e 


Unlike Project Vanguard and the 
projects of the Advanced Research 
Projects Agency and the Air Force 
mentioned earlier, which have already 
been turned over to NASA, Redstone 
ind JPL are still under military con 
trol. If the first of the year goes by 
without Redstone NASA 
property, the Army may win its fight 
to keep the arsenal out of civilian 
hands: for the Presidential order creat 
ing NASA sets a Dec. 31 deadline for 
this acquisition to take place 

Meanwhile, the heat grew 
protests by members of the 


becoming 


unde 
Army $s 
pace research team, led by Wernher 
on Braun, against the shift to NASA 
But because much at stake 

ind because NASA's 


—— 
ce pite the many 


there is so 
in the 
principal objective, 
difficulties logic says it may 
seems to be an effective space 


encounter, 
research 
program, final word on the dilemma 
will probably be spoken by President 
Lisenhowet 

e NASA fills out staff—Amid the 
ontroversy associated with some of its 
1ims and intentions, NASA has been 
ind making im 
management 


busy defining goals 
portant changes in it 
taff. Abe Silverstein, formerly asso 
iate research director of the 
Research Center fi 
Flight Propulsion Laboratory) in 
Cleveland, has been named director of 
flight development; John W 
Crowley Ir., formerly head of the 
Flight Research Div. at Langley Field, 
director of aeronau 
Albert | 
utive officer 
Health, 


of business ad 


Lewis 


rmerly Lewis 


pace 


Virginia, becomes 
tical and space research, and 
Siepert, who had been ex 
of the National Institutes of 
joins NASA as director 
ministration 

Assisting Silverstein will be Homer 
E;. Newell Jr., formerly with the Naval 
Research Laboratory; Abraham Hyatt, 
who comes from the Navy Bureau of 
Acronautics, and Newell Sand 
recently with th 
Newell will be assistant director fot 
, Hyatt assistant director 
for propulsion, and Sanders assistant 


rs, most 
Lewis laborator\ 


Dasic SCICNCeE 


director for advanced technology 


Honeywell Buys Marion, 
l'akes on New Product Line 
Already one of the most, if not th 
most, diversified company in the con 
trol field today, Minneapolis-Honey 
well recently took on a brand new line 
Continued on page 120 
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Here is an all purpose null- 
balance-vector controller for use 
with any pneumatic transmitter. 
Its proportional band ranges from 
2°;, to 500°) without changing 
parts, for quick adaptation to 
changes in process requirements. 
Especially important in_high- 
precision control, Republic’s Type 
VC has exceptional sensitivity 
and a narrow dead band 
than 0.05°,). Its high capacity 
non-bleed pneumatic amplifier 
consumes little air, keeps output 
ample. A selector block permits 
reverse or direct action; local or 


(less 


Base Any 


Of These 





“ON THIS 


For accurate, efficient, 
dependable contro/ systems — 
REPUBLIC’S NEW TYPE “VC” 
PNEUMATIC CONTROLLER 


remote pneumatic set point op- 
tional. 

Companion instruments—us- 
ing an identical null-balance-vec- 
tor “‘heart’’—include differential 
pressure, temperature and pres- 
sure transmitters . . . ratio, total- 
izing, multiplying, squaring and 
square - root - extracting relays. 
Many parts are interchangeable 
among the instruments in this 
“family’’. Besides reducing spare 
parts inventory, the similarity of 
components simplifies the task 
of training personnel. 

Let a Republic engineer show 
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you how these instruments can 
help to achieve accurate, effi- 
cient, dependable control systems. 
Republic Sales Offices are located 
in principal cities throughout the 
U.S.A. and Canada. 


Repvustic 
FLOW METERS CO. 
sotosory of ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY CHICAGO 47, ILLINOIS 


in Canada: Republic Flow Meters Conado, itd.—Toronto 


© 
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Monvfocturers of electronic ond pneumotic 
instrument ond contro! systems for vtility, 
process ond industrio!l opplicotions 


DECEMBER 





Here’s why you are most likely 
to find the right switch 
for your needs at 


MICRO SWITCH 





125 or 250 vac. 


Type "SM" basic switches — 259 variations 
Subminiature in size, yet feature pre- 
cision operation, long life, 
electrical capacity 


detailed information on ‘‘SM”’ sub- 
miniature switches, including actua- 
tors, housings, and assemblies. 


and high 
5 amps., 


up to 
Catalog 75 gives 





The 259 variations are used in the following: 


Type “V3" basic switches —198 variations 


The 198 variations are used in the following: 


Combine extra compactness with 
high electrical capacity—up to 10 
amps., 125 or 250 vac long life, 
and precise operation. Catalog 74 
gives detailed information on ‘'V3"’ 
switches and actuators 
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AUXILIARY 
ACTUATORS 


163 


TOGGLE 
ASSEMBLIES 


AY 


ROTARY SELECTOR 
ASSEMBLIES 


AUXILIARY 
ACTUATORS 


71 


TOGGLE 
ASSEMBLIES 


64 


ROTARY SELECTOR 
ASSEMBLIES 





METAL 
ENCLOSURES 


PUSHBUTTON 
ASSEMBLIES 
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ALL OTHER 
ASSEMBLIES 
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METAL 
ENCLOSURES 
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PUSHBUTTON 
ASSEMBLIES 


ALL OTHER 
ASSEMBLIES 











AUXILIARY ACTUATORS 
Auxiliary actuators are used with basic 
switches, singly or in groups, to produce 
actuation from almost any direction or 
amount of force. Two examples are shown. 


TOGGLE ASSEMBLIES 
Many kinds of toggle switch actions are 
provided by a wide variety of toggle 
assemblies. Here are two examples. 





ROTARY SELECTOR ASSEMBLIES 
Precise sequential a.‘ uation of multiple 
switch assemblies is provided by rotary 
selector assemblies like these 


‘SE 





METAL ENCLOSURES 
Metal enclosures provide protection from 
physical damage, sealing against harmful 
environments, means of mounting and 
conduit connections. Three examples are 
shown. 


uy 


CONTROL 


ENGINEERING 


PUSHBUTTON ASSEMBLIES 
Lighted pushbuttons, colored buttons, 
and assemblies for multiple switch oper- 
ation are available for panel mounting. 
Here are three examples. 





OTHER ASSEMBLIES 
Other assemblies include door interlocks 
with automatic reset feature to assure 
safety, and single actuated dual mounted 
switch assemblies. Here are two examples, 








Switches have uses TWalitiiliict:. Lil 


From just six of the basic switches in the MICRO 

SWITCH line come 7,577 different switches and This is the first sub-subminiature, 
assemblies . . . for use in machine tools, presses, half the size of the famous “SM”’ 
machinery ... computers, control panels, in- subminiature, yet with 5 amp. ca- 
struments ... aircraft, missiles, launchers. . . os ala pacity at 125 or 250 vac, long life 
to control and limit and guide almost every- Actual Size and precision operation. 


thing in our modern electrical world. , 
. , Nor does the tabulation include many basics 


The tabulation does not include our newest for special applications, or mercury switches, 
“baby’’—the “SX’’—shown here actual size. of which there is a broad line. 











Type "Z" basic switches— Type “A” basic switches— 
3,800 variations 950 variations 

Precise actuation and com- Extra-high electrical capacity 
paratively low operating 20 amps. steady state 
force and motion. Up to 15 current; 75 amps. inrush 
amps., 125, 250, 460 vac. current— at up to 460 vac. 
Catalog 62. 1938 Catalog 62 


* 





The 3,800 variations are used in the following: The 950 variations are used in the following: 


68 1 27 





AUXILIARY TOGGLE ROTARY SELECTOR AUXILIARY TOGGLE ROTARY SELECTOR 
ACTUATORS ASSEMBLIES ASSEMBLIES ACTUATORS ASSEMBLIES ASSEMBLIES 








765 16 14 58 14 16 


METAL PUSHBUTTON ALL OTHER METAL PUSHBUTTON ALL OTHER 
ENCLOSURES ASSEMBLIES ASSEMBLIES ENCLOSURES ASSEMBLIES ASSEMBLIES 
| 




















Type "DT" basic switches Type “MT" basic switches 
— 78 variations — 67 variations 

Highly compact double-pole Long life, high d-c capacity 
double-throw switches, with switches—10 amps., 125 vde 
marked terminals providing when wired either “‘polar- 
normally-open and normally- ized’’ or ‘‘non-polarized’’. 
closed contact for each pole. 4 SPDT. Offer compact units 
10 amps., 125 or 250 vac. for flexible control of motors, 
Catalog 62 solenoids, etc. Catalog 62. 





The 78 variations are used in the following: The 67 variations are used in the following: 
atime angen Se ‘a 





29 1 — ¥ 1 


AUXILIARY TOGGLE ROTARY SELECTOR AUXILIARY TOGGLE ROTARY SELECTOR 
ACTUATORS ASSEMBLIES ASSEMBLIES ACTUATORS ASSEMBLIES ASSEMBLIES 


62 8 6 11 8 1 


METAL PUSHBUTTON ALL OTHER METAL PUSHBUTTON ALL OTHER 
ENCLOSURES ASSEMBLIES ASSEMBLIES ENCLOSURES ASSEMBLIES ASSEMBLIES 
































Experienced engineering assistance in switch appli- 


cation in your field is available from the MICRO SWITCH 
branch office near you. Consult the Yellow Pages. For one y well 
the right switch—and every switch right—look first 
nie y Sorina mn} MICRO SWITCH PRECISION SWITCHES 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 


In Canada: Honeywell Controls, Ltd. « Toronto 17, Ontario 
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Playing an important role in the operation of this modern, 
efficient power plant located at Escanaba, Michigan, are 
seventeen BS&B Super 70 Diaphragm Control Valves with 
clamp ring-float ring body closures. The plant, operated by 
the Upper Peninsula Power Company, is also equipped with 
BS&B Liquid level controllers, pilots and air regulators. 


Super 70's are available for power plant applications in a 
complete range of sizes with either clamp ring-float ring 
or flanged-gasketed body closures. 


Next time you have a new station “on the boards”, specify 
BS&B Controls right down the line. They’re dependable, 
efficient, and cut down maintenance costs. You'll get appli- 
cation engineering assistance, too! 


Bracx. Sivaiits s BRYSON, INC 
Controls Division, Dept. 4-ES12 
7500 East 12th Street Kansas City 26, Missouri 
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AiResearch gas turbines proved 


most versatile 


and reliable... 


Gas Turbine Power Unit. Aircraft and 
missile ground support to drive 
generators, pumps, compressors 


Multipurpose 
Gas Turbine Unit 
Airborne, ground power for 
heating, cooling, starting, 
electrical, hydraulics, 
pressurization of 
military aircraft 





now in 
operation 


Gos Turbine 
Compressor. Standby 
in-flight pneumatic power for 
turbine-powered transports 


Gas Turbine Compressor 
Power Unit. Multiple engine 
starting, ground electronic cooling 
electrical and hydraulic power, trailer or pod mounted 


AiResearch Gas Turbines are used in 
hundreds of applications: auxiliary 
power and ground support for missile 
systems, military and commercial air- 
craft; main engine starting, electrical 
and pneumatic power, air condition- 
ing, pressurization, pre-flight check- 
out, snow and ice removal; prime 


power for helicopters; variety of 
ground applications or aboard aircraft 
for mobile or stationary use. 
Advantages: these lightweight units 
are air transportable as fixed installa- 
tions, detachable pods or portable 
vehicles; supply low pressure air and 
shaft power from 30 H.P. to 850 H.P.; 


ENGINEERING REPRESENTATIVES AIR 


PPLY AND AER 


Weighs only 45 Ibs 


Gas Turbine 
Compressor. 
Powers air transport- 
able pod for engine 
starting, ground check-out, 
ice and snow removol. 


Gas Turbine Compressor 
Power Unit. Electrical and 

pneumatic ground power 
source for jet transports 


Generator Set Primary 
electrical power for 
missile launchers, 
guidance and 
refrigeration 
systems. 


provide variety of electrical power 
9 to 150 KW, 60, 400 and 1200 CPS, 
AC or DC; have highly refined self- 
regulating controls and operate in any 
weather; have instant push-button 
starting; time between overhauls 1000 
hours or 3000 starts. 


Your inquiries are invited, 


ENGINEERING 


Cee rr anwawvIon 


AiResearch Manufacturing Divisions 


Los Angeles 45, California *« Phoenix, Arizona 


Systems, Packages and Components for: AiRCRAFT, MIS 
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sILE, ELECTRONIC, NUCLEAR AND 


INDUSTRIAL APPLICATIONS 
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PLUG 
FOR 
ANALOG 
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GAP/R 
MODEL §@ MO DEI 
>. K2-¥ K2-P 


Mh Wl MI lili 





























FAST DC AMPLIFIER: Model K2-W is an effi SLOW DC AMPLIFIER: Model K2-P offers long SERRASSOID GENERATOR: Mode! K2.6 pro 
cient and foolproof high-gain operational unit for all term sub-millivolt stability, either by itself or in duces a fixed triangular wave of 100 V peak-peak, at 
feedback computations, fast and slow. A number of tandem with the K2-W. High-impedance chopper 500 keps 
special varieties are also modulated input. Filtered output to networks, and for many 

in quantity production ($24.00) drive balancing grid or follower ($60.00) other non-linear recreations ($29.00) 


Use it for quadratic rounding in diode 


PHILBRICK uses these octal plug-in modules, and many others like them in 
their standard computing instruments. They are tried and true, com- 
pact, convenient, and economical. You too can find profit and happiness 
with their help ........00..0000.0 4 All K2 Plug-ins run on plus and minus 


300 VDC and 6.3 VAC. Socket wiring 
is simple and standardized. Write for 
freel) given opinions on your ap pli alten. 


The analog way is the model way... ... . GEORGE A. PHILBRICK RESEARCHES, INC. 


285 H Columbus Ave., Boston 16, Massachusetts 
Visit us at the Eastern Joint Computer Conference—Booth #35 
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MEVY SILICON TRANSISTORS. 


| || Actual Size 


extremely high speed 
switching times as 
low as 150 musecs 


9 Se 


NOW switching times as low as 150 mysec with 
NEW production-quantity TI 2N1005 and 2N1006 
sated evettdlilng Wane st 180m p N-P-N silicon transistors! 


The newest additions to the nation’s widest transistor 
+13V__ TYPICAL SATURATING TYPE SWITCHING CIRCUIT 


2N1005 . om 
—13v 30x —- TO-5 package... and guarantee DC betas of 20-to-55 


and 45-to-100. For the reliability your high speed 
, switching circuits require, both units also guarantee 
=13v 3002 $ soon hfe greater than 1 at 50 me, collector dissipation of 
4 125 mW at 25°C, 60 ohms saturation resistance, and 
== 13V =—3Vv 0.1 nA collector cutoff current. 
w J 


+——o 
total switching time =600 my sec ty= 150 mp sec For reliability ... plus production quantities delivered 


line are packaged in the industry preferred JETEC 








= 250mpsec t= 120my sec = 80 my sec on time... select the silicon switchers most suited to 


your specific applications from the table shown below: 


SAME-DAY DELIVERY 
FROM YOUR NEARBY TI DISTRIBUTOR 
IN 1-249 QUANTITIES 





+$—+—-}-—_4-_+- + +--+ +} 
| | ; ’ 
tS i 
| | / 
: ’ : 


— oe eS ae 
; | 


ig — BASE CURRENT — pA 


Deion Small Signal | Collector | OC Current | Collector } Alpha 


Current Current Transfer | Breakdown pSis Cutoff 
Transfer Ratio I, Ratio Voltage V Frequency 
Me mA nFE BVeao fab 


at 25°C 


me 
Type Ww min =max max min min 





Se Ss es Se ee A 2N337 0 125 19 55 45 
2.5 A 2n338 | 0125 | 39 , 45 


le Mi aetiinie: Mall. ii\ joey * 2N1005 0 125 1 @ SOMC 55 15 1S (typ) 
* 2N1006 0 125 1 @ 5OMC 15 75 (typ) 























* NEW TYPE ADDED TO PRODUCT LINE 


IMMEDIATELY AVAILABLE IN PRODUCTION QUANTITIES 


TEXAS 


WORLD'S LARGEST SEMICONDUCTOR PLANT 





intermediate power transistors 
80 and 12O0BVcex 2.4 usec switching 
20 W at 100°C operation to 200°C 


y it h 
006 
TYPICAL SATURATING TYPE SWITCHING CIRCUIT 
|. = 500 ma 
=——_0 


POWER DERATING CURVE 


——_—_@» 
ly = 50ma 


SS 4 gue 


PULSE REP RATE = 400 
PULSE LENGTH = 5 »« sec 























Actual Size 














Total switching time = 2.4 pu sec 


tg 20C mp sect, = 1200 mp sec 


t, = OO mp: sec t, = 700 my sec 


NEW TI silicon intermediate power transistors have 
bridged the gap between high and medium power 
TI 2N1047, 2N1048, 2N1049, and 2N1050 


quarantee 20 watts at 100°C 


devices 


Ideal for your power switching applications, these 
newest gaseous diffused transistors provide a typical 
total switching time of 2.4ysec! All four new units 
dissipate 40 watts at 25°C with an infinite heat sink 


50 100 150 200 
CASE TEMPERATURE C 


... the new TI design permits mounting of the semi- 
conductor wafer directly onto the stud 

For your intermediate power and power switching 
applications, specify the 120-volt 2N1048 and 2N1050 
or the 80-volt 2N1047 and 2N1049 with design flexi- 
bility and tight beta spreads of 12-to-36 or 30-to-90 


that are guaranteed! 


TI Silicon— Medium Power— Intermediate Power — Power— Transistors 
| 2 eects 7 





Dissipation os 
at 275°C 

Typica 
Type 


1 
nA NFE 


max 





2N498 
2N656 
2N657_ 


9 @ 2MC 
6 @ 2MC 
§ @ 2MC 


W 

2N49 : 4 > @ 2MC 
4 
4 
4 


M 
— 
20 


200 





2N122 , 8) 
2N1047 40 10 @ IMC 
2N1048 40 10 @ IMC 
2N1049 40 

i = aaa. 
2N389 85 at 25°C 
45 at 100°C 
2N424 B85 at 25°C 6@ IMC 
45 at 100°C 











* NEW TYPE ADDED TO PRODUCT LINE 


INSTRUMENTS 


INCORPORATED 
SEMICONDUCTOR COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 + DALLAS, TEXAS 




















TEXAS INSTRUMENTS SALES OFFICES 
DALLAS ° NEW YORK . CHICAGO LOS ANGELES 
DAYTON ° DENVER . METROIT 
OTTAWA . PHILADELPHIA ° 

SYRACUSE ° WALTHAM ° 


SAN DIEGO . AN FRANCISCO 


WASHINGTON, D.C 
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The Manufacturer’s Responsibility to the User 


OUR REQUIREMENTS for increasingly higher performance in oscilloscopes inevitably lead 

to instruments of greater complexity, and therefore to an enlarged responsibility on the part of 
the instrument manufacturer to provide needed assistance in the field. As a user of Tektronix Instru 
ments you have easy access to a large well-trained field organization, anxious to help with any 
problems that arise due to unfamiliarity with new circuits or other factors. All services described 
below are readily available through twenty-four Tektronix Ficld Offices in North America. Most 
of these services are also provided by more than twenty Tektronix Engineering Representatives 
in pertinent Overseas locations. 


Maintenance — lektronix Applications — Perhaps th 
willingly assumes much of the answers you need in a specific 
responsibility for continued ef 7 application can be obtained 
hicient operation of the instru : 4 faster and easier through use 
ments it manufactures. If you ° ¢ of vour lTektroni Oscilloscope 
should experience a stubborn Your Field Engineer can help 
maintenance problem, your | you find out, and if use of your 
Field Engineer will gladly help ' oscilloscope is indicated, help 
you isolate the cause. Often a you with procedures, He may 
telephone discussion with him also be able to suggest many 
will help you get your instru time-saving uses for your oscil 
ment back into operation with loscope in routine checks and 


minimum delay If yours ts a measurements 


large laboratory, your Field Engineer can be of service to your wr: 
maintenance engineers by conducting informal classes on test . ; ; 
8 ‘ & Ordering — There are many , S —_— 
and calibration procedures, trouble-shooting techniques, and - 

‘ types of oscilloscopes, each ce ‘yes 


general maintenance. 

signed for a specific application 

If you are responsible for the maintenance of a large quanity . - 

Pyat area. Your Fieid Engineer can 

of Tektronix Instruments, ask your Field Engineer about the free 

é help you select the one best 

factory training course in maintenance and calibration 

d suited to your present and fu fe 

ture needs, and he will be happy ¢. 

Y 


to arrange a demonstration of 


Oscilloscope can be most useful Bs cation if you so desire 


— 
Operation— Your Tektronix the instrument in your appli % Ae 


to you when you are familiar vo It you are a Purchasing Agent “tT 

with all control functions. Your or Buyer, your Field Engineer 

Field Engineer will be glad to ’ : or his secretary can help you with information on prices, terms, 
demonstrate the use of your in- ' shipping estimates, and best method of transportation on instr 
strument in various applications >. ; ments, accessories, and replacement parts 

to help you become more fa- - : 

miliar with its operation. If your 

instrument is to be used by Communications — Your 
several engineers, your Field Field Engineer is a valuable 
Engineer will be happy to con ' communication link between 
duct informal classes on its , you and the factory. He knows 


Operation in your laboratory. the exact person to contact in 


, 
‘ a \ each circumstance und he can 


wt reach that person fast and easily 
y Let him help speed your com 
>\ munications with the factory on 

Me, q any problem related to your 
scope, properly reconditioned, J is y ab \ [ektronix Instruments 


/ 


Instrument Reconditioning ; 
—An older Tektronix Oscillo s 
— 


can give you many additional 


years of service. Your Field 


& 
Engineer will gladly explain the t e tro fn IX, pov Ce 


advantages and | tations of 
: _ ciel es as alaggieeae P.O. Box 831 * Portland 7, Oregon 


t y, and 
actory reconditioning, an Phone CYpress 2-2611 * TWX-PD 311 © Cable: TEKTRONIX 


make the necessary arrangements 
TEKTRONIX FIELD OFFICES: Albertson, |, NY. * Albuquerque * Bronaville, NY. * Buffo 
if you decide in favor of it  sahuhed Wikdiied © dean @eliamad Mack Mk. © edaael 94.4, © austen © Lathren Vélons 
Mich © East Los Angeles © West Los Angeles © Minnear s *® Miwon, Kansas * Newtonville 
Mas * Palo Alte lif, © Philadels 1 * Phoenix © Son Diego © Syracuse * Tows Md 
calibration jobs can be per Union, N. J. © Willowdale, Ont 
formed at a nearby Field Repair TEKTRONIX ENGINEERING REPRESENTATIVES: Arthur Lynch & Ass 
Goinesville, Flo., Bivins & Coldwell, Atlanta, Ga, High Point, N 4 
Station. Ask your Field Engineer rand, Ore, Seattle, Wash; Hytronic Measurements, Denver 


Many major repair and re 


about this at-cost service to s represented in 20 oversecs sivies by qualified engin 


Iektronix customers 
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For that hard-to-handle liquid... 
consider the “115” Transmitter 


| ONLY 2 PARTS 
CONTACT WITH FLU 


XTREMELY AC 
AND DEPEND 


Ideal as a liquid level transmitter 
for slurries, paper stock, and 
viscous or corrosive fluids 


Flange mounts direct to side of tank. Only the 
diaphragm and the diaphragm ring come in contact with 
the fluid. Diaphragm is Teflon impregnated glass cloth 

ring can be stainless steel or some other corrosion 
resistant material of your choice. Pneumatic output of the 

115° isa 1 to | measure of the liquid head in the vessel 
Frequently supplied with the popular Fisher Wizard II 
as the controller which makes a complete and compact 
issembly for liquid level control application. Also used 
as a transmitter for remote, level indicating, recording or 
controlling. Primarily for open tank service, the “115” is 
used in pipe lines and vessels with pressures up to 75 psi 
For complete information on the Fisher “115° write for 
Bulletin F-115 


Fisher ‘'115"' with the Wizard I! as the 


controller on a tiquid tevel control installation 


FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY 
FISHER GOVERNOR COMPANY 


Marshalitown, lowa / Woodstock, Ontario / London, England 


CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsylvania SINCE 1880 
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ELECTRONIC 
ASSOCIATES LONG BRANCH, NEW JERSEY . CAPITOL 9-1100 


oecoybordled — : —- AE CRE aN _ - ine we 


EAI’ 
SUSTAINING S LEADERSHIP IN THE FIELD OF 
ANALOG COMPUTING 


EAI’s new series Application Bulletins and 
Simulation Bulletins provide dramatic evidence 
of the growing success of PACE Analog 
Computing equipment in solving design engi- 
neering problems. See why most general purpose 
Analog Computers in use today bear EAI's 
PACE emblem. For 231R Analog Computer 
Bulletin No. AC-802 or for literature describing 
successful applications in your industry, 

write Dept. CE-12. 
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Tue U.S.A. is starting a new period 

of economic growth, as we leave be- 

hind the recession of 1958. This new 

period presents a challenge to the na 

tion, to the business community and 

above all to the individual company 
to grow alta profit. 

By now it is clear that growth is 
the normal way of life for the U.S 
Economy. Since 1947, our national 
product has been growing at a rate 
of 3.7% a year. And no recession, 
even the latest and most publicized, 
has interrupted the trend for long 
Now the economy is growing again 

But the conditions of growth are 
far different from those that pre- 
vailed in the years 1947 to 1957. 

Today growth in the economy does 
not mean pressure on capacity, for 
most industrial firms. It does not 
mean easy profits. Rather, this is 
growth under highly competitive con- 
ditions, with profits dependent on a 
firm’s ability to hold down costs. Is 
our plant and equipment modern 
enough to do the job? 


A New Survey 


To find the answers to this ques 
tion, the McGraw-Hill Department 
of Economics has just completed a 
special survey of business needs for 
modernization. The survey shows 
that it would cost $95 billion to 
replace today’s obsolete equipment. 
And this is a priority job, if business 
is to get costs down for the vears 
ahead. 

This tremendous need for mod- 
ernization presents a challenge to 
the U.S.A. as a nation. The Commu 
nist powers are making a strong and 
disciplined effort to demonstrate 
that they can out-produce us — that 
they can “plow us under” in a con 
test of industrial strength 


It is a challenge to American 
business. Our people expect a con- 
tinuously rising standard of living 
Our workers expect wage increases 
And often their demands mean price 
inflation — unless we can achieve 
sharp gains in output. The public de 
mands higher national income with 
out inflation. This is the challenge to 
business as a whole 

It is a challenge to the individual 
firm. Growth in the economy no 
longer means an automatic rise in 


sales and profits for any particular 


How Modern 
Is American Industry? 


A Report by the McGraw-Hill Department of Economics 


to ensure our continuing superiority 
over the Communist world, to match 
every wage increase with higher pro- 
ductivity, to do business in a com- 
petitive economy at satisfactory 
profit to the individual firm 

This statement sounds shocking at 
a time when much industrial capac- 
ity is idle and the recession just be- 
hind us is being blamed on a surplus 
of capital goods. But the facts speak 
for themselves. Here is the record on 
the past decade of investment in new 


plant and equipment, and here is our 





mates. ( Details on next page 


PETROLEUM INDUSTRY 


ELECTRI¢ 


TOTAL: 





THE MODERNIZATION JOB AHEAD: 
$95 BILLION 


The McGraw-Hill Department of Economics asked a wide sample 
of manufacturing companies, and experts in other industries, 
“What would be the cost to replace all obsolete facilities with the 


best new plant and equipment?” Here is a summary of the esti 


MANUFACTURING AND MINING 


TRANSPORTATION AND COMMUNICATIONS .. 184 
AND GAS UTILITIES 12¢ 
FINANCE, TRADE AND SERVICES 25.0 


ALL BUSINESS 


$34.3 Billion 


5.3 


$95.0 Billion 








company. There are no shortages; 
industrial capacity is ample. So to 
participate in growth, the individual 
firm must achieve better quality or 
lower costs than its competitors 
Otherwise, there will be no profit in 
growth and no success story for the 
company. 

Is business prepared today for 
these challenges? The answer, from 
our study, is clearly “No”. The pro 
duction and distribution facilities of 


the U.S.A. are not efficient enough 


new study of the job that still re- 


mains to be done. 


Decade of Expansion‘ 


Since 1947, private business in the 
U.S.A. has invested $291 billion in 
new plant and equipment. Our man- 
ufacturing capacity has increased 
about 80% ; electric power capacity. 
145%: capacity for basic raw mate- 

Figures on “Decade Expansion” are for the 


years 1947-19 ir sive, except where specific 
reference is made to preliminary data for 195% 
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VERSATILE, RELIABLE DIGITAL INSTRUMENTS 


DC digital voltmeter 
offers maximum reliability... 


0.01%, accuracy... 
single-plane readout...and 
many other advanced features 


The Model 401 offers four-digit display with automatic polar- 
ity indication and decimal placement... Measures .0001 
to 999.9 volts with 0.01% +1 digit accuracy... Adjustable 
least digit sensitivities of .1, 1, 10 mv... Average reading 
time of one second... Continuous, automatic standard cell 
calibration ... 10 megohms input impedance. . . Built-in 
printer drive... 10 times longer readout bulb life... No cir- 
cuitry in readout for easy remote mounting... Extra long 
relay life assured by DC drive. Price: $2100. 


KIN TEL manufactures an exceptionally complete line of 
digital instruments. These “digital building blocks” permit 
measurement of AC, ohms, ratios, and automatic scanning 
of multiple inputs. Preamplifiers increase digital voltmeter 
sensitivity to 1 microvolt DC and 10 microvolts AC. Buffers 
permit driving typewriters, tape punches and printers. Com- 
plete digital systems for data logging, missile checkout and 
production testing are also available. The reliability and 
accuracy of these precision instruments are assured by 
KIN TEL’s experience in designing and manufacturing more 
than 10,000 “standard cell accuracy” DC instruments. Sales 
and service are available nationwide. KIN TEL Engineering 
Representatives in all major cities. 


All-electronic 
digital voltmeter 
measures millivolt to kilovolt 
with 0.1°% accuracy 
... costs only $960 


Four ranges: 0.000 to 1.599; 00.00 to 15.99; 000.0 to 159.9; 
0000. to 1000 volts (manual ranging and polarity)... No 
moving parts... Digital in-line readout...70 millisecond 
conversion time... Adjustable display time... Input com 
pletely floating and isolated...0.1% of full scale accuracy 
... Direct voltage conversion circuit...Wide range of models. 


KIN TEL’S Model 801A all-electronic digital voltmeter meas- 
ures DC from 0.001 to 1000 volts with 0.1% of full scale 
accuracy...and in less than 1/10 second, presents the 
measured voltage clearly on an in-line digital readout that 
even unskilled personnel can read with ease. Direct voltage 
measurement by successive approximation provides accu- 
racy and sensitivity previously obtainable only in delicate, 
complex and expensive instruments, Extremely stable opera- 
tion—continuous calibration against an internal reference 
(Input impedance of the Model 801A is 20,000 ohms per 
volt. The Model 802A, priced at $1190, has an input imped- 
ance of 10 megohms on all ranges. In other models, the 
binary coded decimal and deci- 

mal outputs are externally avail- 

able to permit driving printers 

and tape punches.) 


Write today for descriptive literature or demonstration. 5725 Kearny Villa Road, San Diego 11, California 
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Prior 
to 
INDUSTRY 
Iron and Steel 17% 
Nonferrous Metals 47 
Machinery +1 
Electrical Machinery $4 
Autos, Trucks and Parts 12 
Transportation Equipment 
(aireraft, ships, railroad 
equipment) 
Other Metalworking 
Chemicals 
Paper and Pulp 
Rubber 
Stone, Clay and Glass 
Petroleum Refining 
Food and Beverages 
Textiles 
Mise. Manufacturing 51 
ALL MANUFACTURING 18 


Includes 


vious table 


petroleum rehnery ompanit 





THE MeGRAW-HILL SURVEY 
OF MODERNIZATION NEEDS 


Conducted by the McGraw-Hill 


Department of Economics in August, 1958 


MANUFACTURING 


Percent Installed 


Dee. 1945 


listed under 


AGE OF COST T0 
REPLACE 
OBSOLETE 


FACILITIES 


CAPACITY 


Dee. 1945 Dee. 1950 
to to 
Dec. 1950 Dee. 1957 
16% 37% 

13 10 
21 48 
18 18 
11 17 


Millions 
of ~ 
2.855 
1,022 
3,224 
1.917 
2,204 


32 85 
29 351 
17 070 
34 2.655 
5 600 
20 34 1.840 
26 29 1,499 
19 23 3.443 
18 23 1.00] 
21 28 6,236 
19 33 4,771 


petroleum industry in pre 








rials, by 55°. The distribution and 


service industries have increased 


floor space by roughly 50% in the 
decade. In 1957 alone, business spent 
$37 billion on new plants and equip- 
ment — more than the combined ex- 
penditure in all of Western Europe 
plus Canada 

But all of this expenditure has 
not made our facilities as modern 
as supposed, or as modern as we 
$291 


need, Of the billion invested 


by business since 1947, roughly $157 


billion has been for expansion of 


capacity. Only $134 billion has been 
spent to replace old facilities with 
better, more modern equipment. And 
in recent years, this investment has 
not purchased as much new equip- 
ment as the dollar figures suggest, 
because prices of capital goods have 
climbed 

Our postwar capital investment 
has repaired the worst of the obsoles 


cence accumulated during the depre 


sion and war vears. But huge amounts 
of old equipment are still in use, as 
shown by the table above. This is 
based on a survey of the age of man- 
ufacturing capacity in several hun- 
dred companies, representing all of 
the major manufacturing industries. 
Almost 50° of our present capacity 
was installed before or during World 
War II. More than 65 


before Korea 


was installed 
Expert studies of the 
major non-manufacturing indus- 
tries show that the age of equipment, 


in those industries, is even greater. 


Thus, of all business plant and 


equipment, less than one-third is 
modern in the sense of “new” since 
1950; two-thirds is pre-Korea. 

This over-all figure is confirmed by 
a check on specific industries: 

* Nearly two-thirds of our metal- 
working equipment was installed 
over 10 years ago, according to 

preliminary results of AMERICAN 
MACHINIST'S 1958 cen 


‘Over 65% of the freight cars 
on our railroads are more than 10 
years old. 

* Less than half the capacity to 
process chemicals, rubber or pe- 
troleum is new since 1950 — a pe- 

riod that has seen rapid develop- 

ment in such equipment as auto- 
matic controls for these process 
industries. 

These examples take on a dollars- 
and-cents meaning when we recog- 
nize that the latest machine tools 
10% 


than 1948 models, and that a com- 


are about more productive 


bination of new freight cars and 
modern freight yard equipment can 
reduce operating costs up to 50%. 
New instruments, that automatically 
direct the flow of achemical ( or other 


raw material) process, can often 
reduce processing costs enough to 
pay back the cost of the instruments 
in one year. These savings cannot be 
made in older plants. By using obso- 
lete facilities, our industries accept 
a waste in labor and materials that 
billions of 


totals many dollars per 


yeal 


Why Productivity 
Must Rise 


'.S.A. can ill afford this waste. 
the economic struggle between 
the free world and Communist world, 
our margin of superiority depends 
on the efficiency of our productive 
facilities. 

For the growth of our own econ- 
omy, we shall need a sharp rise in 
productive efficiency. During the 
next ten years, American business 
must provide the goods and services 
required for a population that will 
increase by 32 million. And the in- 
creased population will expect higher 
living standards. Furthermore, the 
population in ten years will include a 
higher proportion of dependent per- 
sons — children and retired people 
and a smaller proportion of working 
Thus, 


smaller labor force, industry must 


age men. with a relatively 
provide more goods for more con- 
sumers. 

At the same time, industry must 
strive to hold the line against rising 


costs. In an economy with a tight 


DECEMBER 1958 59 





Miniature 
plug-in Relay 
for printed 
circuits 


SQPC Relay —Length, 1 3/4"; 
height, | 5/16” to 1 3/4" 
(depending upon 


... Millions samtine of etal 
of operations 
without attention! 


Need a dependable relay for direct inser- 
tion intc printed circuits? Automatic Elec- 
tric’s new Printed-Circuit Relays run up to 
120 million operations without a single 
readjustment or relubrication! 


Miniaturized without sacrifice of rugged- 
ness, these SOPC Relays, with reinforced 
mounting, deliver reliable performance 
under extreme conditions — dependable 
Semen Cperenen hap 1 20.5 Oe, 25 Gs RELAY SPRING TAKING ITS “PHYSICAL.” A technician 
shock, and temperatures from —55° to explores critical spring areas for tool marks and concealed 
+85°C. defects—calibrating radii to .001 inch—checking for the strength 


= . : p and stamina which will assure long, uniform service life. 
SQPC Miniature Printed-Circuit Relays Automatic Electric quality control is unmatched in the indus- 


are available with many different contact try—a compelling reason why you should specify AE in your 
spring arrangements—can be permanently engineering. 

secured with any acceptable soldering 

technique. 


ihe 


Save parts, assembly and wiring time by using printed circuits—and Automatic Electric SQPC Relays. For 
full details, write or call: Automatic Electric Sales Corp., Northlake, Illinois. Jn Canada: Automatic 
Electric Sales (Canada) Ltd., Toronto. Offices in principal cities. 


AUTOMATIC ELECTRIC @. 


Northlake, illinois * Subsidiary of GENERAL TELEPHONE 
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labor supply, we cannot count on re- 
straint in wage demands, however 
desirable such a development might 
be. In the past ten years, hourly wage 
rates have increased over 5% per 
year, nearly twice as fast as output 
per manhour. And this disparity may 
well continue — causing still more 
inflation—unless we make more rapid 
gains in productivity. 

We can make these rapid gains — 
if industry goes all out to modernize 
its equipment. Output per manhour 
(in manufacturing) has increased 
only 2.50 per year since 1951. But 
this compares with gains of 4% a 
vear in 1947-1950, and over 5% in 
the 1920s. Today the machines and 
techniques are available for us to 
equal, or exceed, these records — to 
raise output per manhour at least 
5° per year. This is a job that can, 
and indeed must be done, to assure 
growth in the economy without infla- 
tion ? 


The Job Ahead 


The dimensions of this opportunity 
are shown by the table on the pre- 
vious page. In its survey on the need 
for modernization, the McGraw-Hill 
Department of Economics asked a 
wide sample of manufacturing com- 
panies how much it would cost to 
replace all their out-dated facilities 
with the best new equipment avail- 
able. The Department also inter- 
viewed experts in each of the non- 
manufacturing industries, to find 
answers to this question. The an 
swers add up toa staggering bill for 
new plant and equipment. 

Modernization of over-age facili- 
ties — replacing only what is really 
obsolete, by today’s production 
standards — would require a total 
capital investment of 895 billion, or 
nearly $20 billion per year for the 
next 5 years. 

Furthermore, new production tech- 
niques will soon make today’s plants 
obsolete, in many cases. Thus, to keep 
pace with technical advance from 
1958 on, will require continuing ex- 
penditures of $8 to $10 billion per 
year for modernization.’ 

The total expenditure to wipe out 
the backlog of obsolete facilities, and 


keep up with continuing technical 
advance between now and 1963, 
would be at least $135 billion. 

The U.S.A. has never spent such a 
sum on the modernization of indus- 
trial facilities. Capital expenditures 
of boom dimension have, in the past, 
been associated only with the urgent 
expansion of capacity. Some fore- 
casters are now saying that because 
industrial capacity is adequate, the 
next few years will be a period of 
low capital investment. The figures 
above make clear that this would be 
a national calamity. The opportunity 
is there—and the challenge—to invest 
record amounts of capital in the 
modernization of plant and equip- 
ment. 


4 National Problem 


This also is a challenge to the U.S.A. 
as a nation. For 100 years, this na- 
tion has been looked to as the mode! 
of economic development by the 
rest of the world. For the first time: 
we face a serious challenge by an- 
other nation and another economic 
system that claims to be better. In 
a carefully documented 111 page 
study released in May, the U.S. 
State Department declared that “the 
most serious threat” to the U.S.A. 
today is the drive for economic 
supremacy by the Soviet Union.’ 
Although a much smaller nation 
industrially than the U.S.A., the 
U.S.S.R. is today increasing its 
national output at a rate of 7°) per 
year and its output per manhour by 
i“) per year. 

The U.S.A. does not have to match 
these specific figures, which repre- 
sent the results of forced labor in a 
country just starting to develop 
industrially. In the contest to win 
uncommitted nations, the statistics 
are not likely to be quoted exactly, in 
any case. But our over-all growth in 
national output and living standards 
must be so impressive as to leave no 
question of superiority. Our factor- 
ies must be showplaces of moderni- 
zation to the foreign visitor that will 
leave him unable to say “I saw much 
better” in Britain, or West Germany, 
or Russia. 

This is the challenge to the nation 


a political challenge to be sure. But 
it coincides with the challenge to the 
business community and the individ- 
ual firm. And the way to meet it is 
the same: by thorough and rapid 
modernization of our plant and equip- 
ment — not by the slow and steady 
pace of recent years, but at an accel- 
erated rate that reflects the greater 


pressure for output at lower cost. 


Obstacles To Be Overcome 


We must face up to the fact that 
real obstacles — both technical and 
financial—stand in the way of faster 
modernization. Some companies do 
not have the technical “know-how” 
required for the latest production 
techniques. Many more lack the finan- 
cial resources. How can we overcome 
such obstacles, and speed up the 
replacement of old facilities? 

In the course of its study, the 
Department of Economics obtained 
comments on these questions from 
many executives. One of the prob- 
lems, as we noted above, has been 
the urgent pressure to expand capac- 
ity during most of the postwar 
period. In giving their attention to 
this problem, companies have some- 
times overlooked the chance to mod- 
ernize older plants 

In some cases, equipment has 
been kept in place because it was 
satisfactory, and the users were 
not aware of still newer designs. 
Some equipment users believe that 
equipment makers are not sufficiently 
aggressive in designing and demon- 
strating new models 

The biggest obstacle — and one 


that presents a persistent problem 


— is the shortage of funds in many 


companies that need and want to 


modernize. For all corporations, 


the cash flow from retained earnings 
and depreciation has increased by 
more than $5 billion from 1953 to 


1958. But a number of key indus- 


'This estimate is based technieal develop- 
ments reported by McGraw-Hill editors and 
current price trends for capital goods. It is 
consistent with the plans for modernization 
expenditures in 1958-61 reported by companies 
in a McGraw-Hill survey conducted in April 
1958 

“The Sino-Soviet Economic Offensive in the 
Leas Developed Countries U.S. Department 
of State, May, 19568 
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ANOTHER BREAKTHROUGH 


mm PHILCO. 


High Frequency Switching Performance 
at Medium Frequency Transistor Prices! 


Philco 2N393 Micro Alloy Transistor SATURATION CHARACTERISTICS 

(MAT) offers High Gain, High Frequen- 
le 400 pa | 
cy, Low Saturation at a New Low Price. 


> ’ 
Lo 
le 100 pa 


Th= — 250 pa 
le 200 pa 


Ie 150 pa 

















Philco 2N393 micro alloy transistors are now available 
for immediate delivery in unlimited quantities at $4.75 
(100 or more). 





le 100 pa 





le ea 





These transistors offer circuit designers and computer <1L0W SATURATION RERISTANC! 
manufacturers a dramatic opportunity to combine the : ; 
advantages of outstanding high frequency response 
(up to 50 megacycles) with excellent Beta linearity 
(to 50 milliamperes) and low saturation resistance at 
this new, low price. 


COLLECTOR CURRENT. Ic IN MA 


0.2 03 04 
COLLECTOR VOLTAGE, Vce IN VOLTS 


~ 


puter circuits. They are also excellent for use in video 
amplifiers up to one megacycle. 

Here are transistors with multi-million hour proven Consider the many advantages of high frequency, low 
circuit reliability . . . and demonstrated stability in all cost Philco 2N393 transistors ... before you settle for 
types of switching circuits. lower frequency transistors in your equipment. 


Philco 2N393 transistors are extremely well suited to Make Philco your prime source for complete transistor application information 
the special branching requirements of high speed com .. For complete specifications and prices on the 2N393, write Dept. CE-1258 


$'s, 


PHILCO CORPORATION -' , ° 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 















































MODERNIZATION PAYS 


like all business profits 


acilities with new plant and 


equipment in 1958—how soon do you expect these replacement 


PERCENT OF COMPANIES ANSWERING 


Profits on modernization 
down since 1955. However, mode 
capacity, still offers a relatively 
Here are companies’ answers to t 
you are actually replacing old f: 
expenditures to pay off?” 
l 3 6 9 yrs. 
to to to and 
INDUSTRY 2 yrs. 5 yrs. 8 yrs. over 
Iron and Steel ssl 11 56° 11 22° 
Nonferrous Metals ; 29 7 0 0 
Machinery 12 6 12 0 
Electrical Machinery 29 57 7 7 
Autos, Trucks and Parts 0) 60 0 0 
Transportation Equipment 
(aircraft, ships, railroad 
equipment ) 7 53 20 20 
Other Metalworking 38 33 10 19 
Chemicals 10 53 2) 16 
Paper and Pulp 22 22 22 $4 
Rubber $3 33 $4 0 
Stone, Clay and Glass 0 57 6 7 
Petroleum Refining 16 50 17 7 
Food and Beverages lo 4 12 28 
Textiles 37 17 5 11 
Misc. Manufacturing 9 52 13 26 
ALL MANUFACTURING 18 50 14 18 
Vote: Answers to a similar question, in a 195 were as follo 
1-2 years: } ) vears: 64%, 68 years: 11 


have come 
rnization, in contrast to new 
quick return on investment. 


he question: “In cases where 


> MeGraw-Hill survey 


Y years or more 











tries have failed to keep pace with 





the general trend. These include 





some of the areas where the need 





for modernization is most urgent: 





the railroads, large sections of the 





textile industry, some mining indus- 





tries and many small to medium-size 





companies in manufacturing gen- 





erally. The problem of these indus 





tries and companies has grown more 





acute in 1958 — since their profits 


the 





have declined much more than 





average for all business. 





Any plan to step up the pace of 





modernization generally must deal 





with the special situation in these 





problem areas. Depressed industries 





and companies need outside help, 





if they are to modernize. Such help 





would include a stronger flow of tech- 








nical information and advice (and 











wcasionally, venture capital) from 











the more inventive in 





prosperous, 











dustries — as well as advice from 











equipment suppliers and distribu 


tors, industrial publishers and 
consultants. There is also a_ public 
responsibility to help in the problem 
areas—not with handouts of govern 
ment money, but with technical as 
sistance and help in finding private 
like the efforts now 


pursued by the Small Business Ad- 


capital being 
ministration 

Certainly we should lose no time 
in reforming those provisions of the 
federal tax laws that now impede 
investment in modern equipment 
by hard-pressed firms — especially 
the outmoded and unfair restrie- 
tions on rates of depreciation for 
the 
regulations require that depreciation 


tax purposes. At present, tax 


be computed over relatively long 
periods of “useful life” for most 
types of equipment. And this is a 


primary reason for the lag in mod- 


ernization. Machinery generally 















before the 
life” as 
specified in tax regulations. But it is 
difficult 


small companies — to 


becomes obsolete 


long 
expiration of its “useful 
for companies — especially 
set aside cash 
for rapid replacement, unless the full 
amount to be set aside is exempt 
from income tax. Canada and most 
European nations allow more rapid 
depreciation for tax purposes than 
does the United States. 

A combination of self-help with 
technical help, and a fair break from 
the tax laws, would do much to 
reverse the spreading tide of obso- 
lescence in depressed industries, and 


in many small companies. 


PLAN 


It is this combination that 
McGraw-Hill as “PLAN 


59”, to help business modernize 


"59 


advocates 


now for growth and profits. This is 
what it will take to make a start in 
1959 on the $95 billion job of modern- 
ization, disclosed by the study we 
have just completed 

1. A better flow of technical in- 
formation on where and how to 
modernize business plants and 
equipment. 

2. Careful review by the individ- 
ual company of its own opportuni- 
ties to modernize at a profit —then 
action to replace obsolete facilities. 

3. Reform of the tax laws, to al- 
low more realistic deductions for 
depreciation, and permit more 
companies to finance adequate mod- 
ernization programs from this 
source of funds. 

Much of this program is already 
underway. The 34 McGraw-Hill Pub- 
lications, and many suppliers and 
distributors of industrial equipment, 
have stepped up their information 
programs to start the modernization 
drive. Preliminary plans of manu- 
facturing companies show a strong 
emphasis on capital spending for 
this purpose. In August, Congress 
passed a bill providing limited tax 
relief for small business 

But the real task of moderniza- 
tion still lies ahead. It is the greatest 
challenge, and the greatest oppor- 
tunity, confronting American busi- 


ness as we move forward into 1959. 
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DIGITAL VOLTMETER, $825 


iv] 


Automatic range and polarity selection. 
Just apply the probe 
and read voltage directly! 


@ 405AR DC DIGITAL VOLTMETER is a completely new in- 
strurent providing, literally, ““touch-and-read” voltage measure- 
ments between 1 and 1,000 volts. Range, even polarity, are auto- 
matically selected. Readout is in-line, in bright, steady numerals. 
New, novel circuitry provides a stability of readings virtually 
eliminating jitter in the last digit. This reduces operator fatigue 
and avoids uncertainty. 

Special features include a floating input, electronic analog-to- 
digital conversion, digital recorder output and front-panel “hold” 
control permitting manual positioning of decimal. Voltage sam- 
pling rate is variable from 1 reading every 5 seconds to 5 per 
second; or can be controlled externally by a 20 v positive pulse. 


BRIEF SPECIFICATIONS 


Range: 0.001 to 999 v de; 4 ranges. 

Presentation: 3 significant figures, polarity indicator 

Accuracy: + 0.2% full scale + 1 count 

Ranging time: ¥s sec to 2 sec 

input impedance: 11 megohms to dc, all ranges 

ype pe Ae pe ry 1 sec sotndinin 
rejection: at 0.7 cps; min. ib at 60 cps 

Price: $825.00 


Date subject to change without notice. Price f.0.b. factory. 


HEWLETT-PACKARD COMPANY 


5100H PAGE MILL ROAD «+ PALO ALTO, CALIFORNIA, U.S.A 
CABLE “HEWPACK" * DAVENPORT 5-445} 
FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 
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A CONTROL ENGINEERING SPECIAL REPORT 


Economic Aspects 
of Modernizing with 
Control Systems 


A key problem for industry today is boosting productivity, increasing 
the efficiency of the industrial process to obtain greater output without 
increasing the input. One effective way to do this is to apply new, modern 
instrumentation and control. The benefits of control system moderniza- 
tion materialize in different ways to different users. 
> In the chemical process field, modernization leads to increased through- 
put, higher quality products, safer operation, and lower costs 
>In manufacturing industries, it can lead to increased productivity, 
better control of quality, sharply reduced operating costs, and more 
efhcient utilization of men and machines. 
> In the aircraft and missile field, it can lead to more reliable performance, 
shorter lead time from design to operation, and better understanding of 
the complex problems of supersonic and space flight. 

But modernization has to be justified economically. You cannot 
modernize solely for the sake of adding something new. To do the job 
right requires a high degree of technical competence, blended with an 
understanding of business administration. This special report emphasizes 
the business aspects of modernization; it is written to help the control 
engineer understand these aspects. It is a three-part report 


I. A Guide to the Financial Factors of Modernization 
Il. How to Spot Opportunities for Modernization 
III. Proof of the Benefits of Modernization in 


Automatic Testing 

l'urret Lathe Operation 
Radioactive Density Analvsis 
Process Instrumentation 
light Data Processing 
l'ranster Machine Control 
Power Generation 

Oil Gaging and Blending’~ 
Conveyor Control 


Yikes Why ™— 


] 


x 
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A Control Engineer's Guide 
to the Financial Factors 
of Modernization 


Top management measures business perform- 
ance by return on investment. This article dis- 
cusses for the control engineer financial factors 
that affect the decision to replace equipment. 
There’s special emphasis on depreciation, what 
it is, how it’s figured, and its relationship to 
modernization; the problem of raising capital 
for new equipment; and the question of rental 
versus purchase of equipment. 


LEWIS H. YOUNG, Control Engineering 


To the top management of most companies, the key 
measure of company success is return on investment. 
That’s the ratio of earnings to the money the owners 
have invested. It is not surprising to discover that return 
on investment is a popular criteria used to decide 
whether or not to modernize a plant, process, or ma 
chine with new instrumentation and automatic control. 

Every company has its own goal for return on in- 
vestment. ‘The usual range is from 10 to 20 percent, 
depending on the conservatism of the company’s di 
rectors, the corporate capital structure, the product and 
industry, and the business risks the company must take. 

To justify modernization with instrumentation or 
automatic control, the company must determine that 
the new equipment will earn—by savings from cost re 
ductions or increased production—at least the com 
pany’s goal for return on investment. In the minimum 
case, the equipment must earn at least as much as the 
same money would bring if invested in the money 
market, a rate generally assumed to be 6 percent. 

In practice, an estimate must show that the equip- 
ment can earn more than the company’s desired rate 
of return before top management will approve its pur 
chase. In recent years, many companies have adopted 
a policy that tends to restrict modernization. ‘They re 
quire that new equipment pay for itself out of savings 
or increased production within three years—even though 
the equipment may be used for 10 or 15 years. Some 
companies have gone even further; they insist that 
instrumentation pay for itself in one year! 

Although such restrictions meet the financial man’s 
requirements for conservatism, they tend to encourage 
the retention of obsolete and out-of-date equipment, 
putting a company at a competitive disadvantage. 

Two types of costs affect return on investment; they 
have been called direct and indirect costs. Direct costs 
are direct materials and direct labor. Direct costs are 
the easiest to measure, and, for that reason, they are 
frequently the only ones considered in modernization 
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studies. It is a relatively simple matter to determine 
that a process is using less raw material to produce more 
product as a result of new instrumentation. Or it is 
obvious that savings are being made if it takes a man 
two hours to do a job with automatic equipment that 
formerly took six when done manually The cost ac 
counting system of most companies is set up to record 
closely expenditures of direct labor and direct materials 

Not so easy, however, is the measurement of indirect 
These include indirect labor 
preciation; apportionment of services like light, heat 
and power; maintenance; and other overhead item 
Modernization can also bring about big 

Setting policy on indirect costs is always the respon 
sibility of top management. But the control engince: 
should be familiar with what these costs are and what 
policies his company follows because such items can 
play an important role in the decision to purchase new 
instrumentation and control 


costs supervision); ck 


savings her 


Methods of depreciation 


Probably one of the most confusing of these costs i 
depreciation, ‘There are many ways to depreciate equip 
ment; each company has its own policy. The Internal 
Revenue Service insists that company has 
adopted a policy, it stick to it 

Depreciation itself stems from management's desir 
to have an accurate financial operating 
profit and loss statement) for a set period of time, usu 
ally a vear. ‘To do this, the accountant matche 
income against current expenses That means it i 
incorrect to charge 1958's operations, for example, for 
a $100,000 control system which was bought in 1958 
but will operate and contribute to profit for 10 year 
Instead, the accountant allocates a share of the cost 
to each year in which the equipment contributes to 
income. With this connotation in mind, the American 
Institute of Accountants has ruled “(depreciation) is 
a process of allocation, not valuation”, In the last five 
years, this definition has been attacked as 
narrow. But most accountants still recognize it 

Most commonly accepted policies of determining 
depreciation are |) the straight-line method; 2) sum of 
the years-digits method; and 3) declining balance 

The straight line method—This is the easiest way to 
figure depreciation. ‘The assumption is made that de 
preciation is a uniform function of time. For each 
vear of life of the equipment, the same amount is 
charged to depreciation 

Example: An automatic tester costs $10,000; its life 
is estimated to be five years (assume no scrap value) 


once a 


statement (or 


current 


being too 


$10,000 


Annual depreciation - $2,000 per year 


In this case, depreciation is said to be charged at a 





rate of 20 percent (since the depreciation charge, 
$2,000, is 20 percent of the cost, $10,000) 

In some industries, straight-line depreciation is 
charged on the basis of usage rather than time. For 
example, if the productive life of the same automatic 
tester (cost, $10,000) was estimated to be 10,000 hours, 
depreciation would be figured this way 


$10,000 


1 per I 
10,000 $1 per hour 


depres iation 

Depreciation costs are then charged on the basis of 
the number of hours the tester works during the ac 
counting period 

Sum of the years-digits method—In this approach, a 
higher rate of depreciation is charged when the equip 
ment is new than when it is older. ‘The object: to 
equalize the sum of depreciation and maintenance over 
the life of the equipment. The theory behind this 
ipproach: maintenance costs are low when equipment 
is new, so higher depreciation costs are charged; how 
ever, when equipment is older, maintenance costs rise, 
0 less depreciation is charged 

Example: an automatic tester is purchased for 
$10,000 and it is assumed to have a useful life of five 
years (assume no scrap value at the end of five vears) 

First, one adds up the digits in the number of years 
the equipment will last 

54+4434241=15 
Next, first year's depreciation is figured by taking 
15 of the total cost 


first year depreciation 


$10,000 = $3,333 


5 
15 


Second year's depreciation is figured by taking 4/15 
of the total cost 
x $10,000 


second year depreciation $2,660 


The procedure is repeated throughout the life of the 


equipment; the final depreciation schedule 
Depreciation charge 
Ist year $3 333 
2nd year 2,660 
3rd year 2,000 
ith year 1,333 
5th year 667 
Total $10,000 
Declining balance method—this relatively new tech 
nique was legalized for tax purposes in 1954. Since 
that time it has become very popular; it also depreciates 
equipment at a rate faster than the straight-line method 
\ fixed percentage is chosen and applied to remaining 
book value each year. According to the 1954 tax law, 
the declining balance method is legal for tax purposes 
‘using a rate not exceeding twice the rate which would 
have been used had the annual (depreciation) allowance 
been computed under the straight line method” 
Example: An automatic 
$10,000 


test set is purchased for 
Ly preciation rate of 40 percent 1s assumed 
Under these conditions, the scheduk 


would look like this 


depreciation 


Depreciation charge Remaining book value 


Ist year 
Ynd year 2,400 3,600 
3rd year 1,440 1,160 
4th year 164 696 
Sth vear 278 318 
When th 


ily Ws One 


$4,000 $6 000 


used, there is 
remauming book value (the value on. the 


leclining balance method is 


company’s accounting books). Depreciation is charged 
every year, no matter how old the asset may be. ‘This 
contrasts with both the straight-line and sum of th 
years-digits methods, in which the asset has no book 
value at the end of its estimated life 


Source of modernization funds 


The impact of tax laws makes depreciation an im 
portant factor in business operation But there is an 
other reason why depreciation and modernization are 
closely related. ‘The annual allowances which industry 
makes fo. depreciation account for most of the costs 
of replacement of plant and equipment 

In addition, depreciation schedules and decisions on 
when to replace old buildings and equipment tend to 
be linked closely together. This is true in spite of the 
fact that most specialists in business investment policy 
insist that “past accounting records should have no in 
fluence on the decision to replace equipment”. 

Over the five years 1953-57, depreciation accounted 
for 64 percent of total internal funds—money that could 
be reinvested in modernization and new equipment. 

From an accounting standpoint, the depreciation 
charge is an expense which is subtracted from income 
to give taxable income. As a result, when it comes 
to investment for modernization, depreciation dollars 
ire “high-powered dollars” compared to profit dollars 
With each dollar of depreciation charge, the company 
can buy a dollar’s worth of equipment; but with each 
dollar of profit, the company must pay 52 cents as taxes 
leaving only 48 cents possible for equipment 

The advantage of these high-priced dollars has en 
couraged some management people to adopt a new 
view of depreciation, one broader than a mere alloca 
tion of funds. One of the most popular—and con 
troversial—is depreciation on replacement value. In th 
methods previously discussed, historical costs have been 
the basis of depreciation. Historical costs must be the 
basis for income tax purposes today. But in the new 
view, depreciation is to be based on what it cost t 


replace the equipment when the depreciat charged 


Rental versus purchase 


Because many people feel depreciation on historical 
costs makes it impossible to replace equipment when 
the time comes due, the use of rental deals instead 
of outright purchases has grown rapidly. From a tax 
standpoint, the big advantage: the entire irly rental 
can be charged off as an expense; there's no 
it over several years 

In addition, renting offers other 
user company doesn’t need a lump cash sum, th 
umount of the purchase price, to get the equipment 
Rentals are available on a monthly and/or yearly basis 
Some rentals are even a function of the use of the equip 
ment so that a rented machine costs a user less in 
slack times than in busy periods 

Still another benefit of renting equipment is that the 
wner—not the user—of the equipment usually performs 
maintenance. Normal service charges, of course, ar 
reflected in the rental price. But this arrangement give 
a user protection agaist extraordinary 
might develop in debugging new, complicated geat 

The major disadvantage to rental is the higher cost 
Renting is usually more expensive than outright pu 
chase. And it shifts the responsibility for raising 
frou the 


spreading 


idvantages 1 he 


1 
charges that 


capital 


buver to the builder of equipment 
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Control engineers must learn 


HOW TO SPOT OPPORTUNITIES 


where the economic gain through improved 
performance, cost savings, and increased 
process earnings will justify 

the additional capital expenditure for 
measurement and control equipment. 


BYRON K. LEDGERWOOD 
Control Engineering 


In a manufacturing company or a processing plant 
that sells its products at a profit, the feeling is that 
facility modernization—particularly by the addition of 
improved instruments and controls to existing pro- 
ductive equipment—will yield savings and _ increase 
profits. The problem: how to find out where these 
additions will not only improve process operation, but 
will also yield a satisfactory return on the extra capital 
investment. 

To solve this problem a control engineer must be 
more than a engineer, he must be an accountant and 
economist as well. Not only must he know and under 
stand the technical specifications of the process and 
its control system, but he must be familiar with their 
economic environment in a profit-making organization 
It is a common technique to construct a dynamic model 
of a process and its controllers, then use this model to 
evaluate process and control system redesign through 
experimental simulation. To determine the economic 
feasibility of the technically desirable improvements, 
an economic model must be constructed. 

Data relating to economic justification is not simply 
to be examined out of curiosity and then filed away; 
rather, it is vital information in convincing management 
that an investment in controls will pay off with higher 
than their required minimum return on investment. 

Like an engineering model, the economic model 
should be as complete and as accurate as possible 
Competent control system design requires an appraisal 
of all factors affecting the process; the same approach 
should be applied to the problem of economic justifi- 
cation. In this way, it is possible to weigh not only 
gains in obvious factors such as reduced direct labor, 
increased machining speeds, and reduced scrap, but 
those in such related areas as inventory, the way mate 
rial is purchased, and operation of the engineering de 
partment. To put a value on these latter gains requires 
a Close look at the overall operation 

Besides, it is usually not best to tackle projects on a 
piecemeal basis. Carl Zimmerman, staff engineer for 
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automation, American Steel & Wire Div. of U. S 
Steel, recommends “a fresh and intensive look at 
operations as a whole, adapting new technological con 
cepts and new methods to solve the objectives of 
improved quality performance and optimum yield 
from receipt of raw materials to the 
finished products.” Each advancement (economical 
justifiable by itself) should be designed to fit into an 
eventual overall system. 


compl tion of 


Who's responsible for economic justification 


Every control engineer should be familiar with th 
basic economic evaluation techniques, for these aid in 
selling his recommendations to his superiors. Many 
companies, however, have assigned this selling job to 
special groups. Many of these groups have existed for 
some time, and their tips can be helpful to other 
organizations that face the selling problem. Although 
the makeup of these groups varies from company to 
company, there are certain common guideposts in 
choosing personnel and in deciding on th 
position in the company’s organizational 
Here are some of these guideposts 

i. Systems Authority Economic gains are often hid 
den in departments other than that where the basi 
project is being pursued, and every project ought to b 
examined in the light of its complete environment 
Therefore, the group must have the authority to investi 
gate all phases of a company’s activitic 
2. A Pipeline to Top Management To prevent the 
personal factors of prejudice and jealousy from affecting 
project success, the group should report directly to top 
management. Also, if a group really 
phases of a company’s activities that are influenced 
by a specific project, management is the only one who 
could appreciate their findings and be in 
to effect the necessary changes. 

3. Varied Talents Since a knowledge of all of a com 
pany’s operations is required, it’s helpful to have repre 
sentatives in the group who are familiar with the various 
departments’ activitics: i.e., engineering, production, 
iccounting, quality control, etc 

1. Technical Competence A major portion of th 
group’s effort will involve making control engineering 


group 5 
tructure 


investigates all 


1 position 





might well justify mselves in 
ilone. By, for example, keeping right 
extruded 


decisions. Offgage sheet material, for ex imple, is being 

produced. Will gage control help; must the machin material saving 
be redesigned; or is the difficulty the result of previou peciied minimum thickn f 
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equipment? The personnel must be competent en itors where improved | 
necrs, able to suggest a feasible solution to any pl blem erned. If thev promise only borderline 


>. Econom Competence Since economic ju ri DVIOU uns in 
tion, the grou; | | 


1 
indirect labor, energ’ 


tion is a prime fun must | familiar he decision 

with the parti ular accounting technique | ( . 

Cotlipany, ible to seck out the most lu \ dys of finding opportunities 

tions of instruments and nt ind cal | gh 1 pecialists agree tl 
ntial ippli if 


factor rar low I porential 


MOUs CCOnNOMIC 
where there 1s a h 


Ih Automation 
ilitary 
pecihcation 


aT I ! p Was [OTT dv i ! ( I where there i high 


t limited 
t Arthur | 
* lirmanned the itomation 
OW Spe ; O O 2) . . 
How specific to control “ht Military El 
Accounting, like control engineeru | lf vear 
field with the ime basi principl 


industr bor " ison, man 


thi part ilar Troup 


techniques di 
replacement o 
nomi fra 


WHERE TO LOOK 
conomic appli 

omewhat fi 
opportunity-finding t hnique 

dustry-wide criteria that can 
High direct labor cost is pr 
criterion. A reduction in lal 
ften justit 1 col 
equipment. High volume 


n ide I ible 


ea 
ition pecial purp 
possibly must be rapped 
When a product 1 
may be an important fac 
consideration in the purch 
systems. Obvious cases are the numerical 
continuous contouring milling machin of complexity FC 
frame indu *s and the punched-card setup of roug 0, + FO FO ; 
1] } ; ’ . : . operations per 
mg mi content per unit p ! redu LT 
ind machine utilization is improved Approximate justifiable dk nvestment 
. . { 1 to automate 1J] , < LC dollars 
Excess scrap or a high reject rate fro1 ial _ 
: where A number of automatable operatic 
controlled operation often indicates that 4 = number of nonautomatable operat 
the economi« frequency of occurrence per 40-hour 


1 
] 


T 


iutomatic operation may be 
Conventional manual testing of complex airbor con total applied labor per 40-hour weel 
trol computers has resulted in many un or cost per routine 

passing inspection. One solution 1 
matic go/no-go test set. Again 

may be producing exc 
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Equivalent manpower analysis 


To check these results and to get additional data, 
Maynard’s team next conducts an equivalent manpower 
analysis, taking each job and breaking it down into five 
fundamental work elements; clerical, manual, super- 
visory, creative. and manual service. This, too, tends 
to indicate job classifications that have similarities. And 
points toward areas that lend themselves to additional 
automatic operation. 


Component analysis 


The third basic type of analysis made by Maynard's 
group is used to measure the percent and anticipated 
volume of components and/or parts to be handled, and 
to establish common denominators (such as wire lead 
size, hole size, body size, etc.). The group studied every 
electronic component used in making the department's 
products (airborne radar, fire control systems, communi 
cations systems, etc.), produced data which proved to 
be startlingly suggestive. For example, the group found 
that 52 percent of the components used throughout the 
department were fixed carbon resistors, 72 percent of 
these were of the half-watt variety. Looking at any 
single assembly or subassembly the number of resistors 
was not large, but from a product-wide viewpoint, the 
group found sufficient volume to warrant mechanization 


Creating volume where none exists 


It is evident that the above three analyses are useful 
in combing an operation for common denominators 
similar shapes, similar functions, identical components 
in different assemblies, duplicate jobs, multiple report 
ing of the same figures, etc. The object is to find a 
sufficient number of similar items to warrant grouping 
to create high volume. Once found, there is an op 
portunity to handle the operations automatically. 

A similar make-volume approach is used at IBM, 
says Samuel B. Korin of the Corporate Manufacturing 
Staff. IBM has examined its component parts to identify 
common physical—not functional—characteristics, to 
permit grouping them into families so they can be 
handled by programmed machines. For example, on¢ 
family consists of all flat metal parts which have at 
least one right-angle edge and which are to be drilled 
with holes perpendicular to the flat faces. 

But there is a more powerful way of creating volume 
than by simply grouping existing similar items; this is 
grouping them by engineering standards. Both GE's 
LMED and IBM have standards that define where an 
engineer can place a hole on a wiring board (GE's 
standard: 1/10-in. increments in all three axes) and 
limit the hole diameters that can be selected. Such 
implementation will mean an overall look at the oper 
ation of the business—a systems approach—sinc« 
obviously a good portion of making this work has to 
start in the engineering department. Moreover, stand 
ards have to represent what a company’s products 
might look like in the future, as well as what they 
are today and in the past. 

An allied technique to this make-volume approach 
is increasing the flexibility of the production machinery. 
For example, a tape-controlled punch press plus some 
engineering standardization may simulate high-volume 
by simplifying the handling of many similar—but 
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different—small lots on a semi-universal machine. Both 
IBM and GE-LMED have devoted considerable effort 
to the development of programmed drills, punches, 
component insertion machines, etc. 


IBM eyes high direct labor costs 


Korin of IBM points out that his group relies on its 
punched-card accounting system to help spot bottle 
necks. For example, every part manufactured by the 
company is tabulated according to the number of 
direct hours of labor required to produce it. Each of 
the company’s products has its own manufacturing 
engineering department, which studies this report. The 
parts at the top of the list, those with the most direct 
labor, are then subjected to further analysis to determin 
if mechanization or automatic production is 
and justifiable. 

IBM plans an even more detailed modification of this 
technique. Parts will not only be tabulated according 
to total direct labor, but also in terms of the direct 
labor hours for each operation in part manufacture. The 
reason, says Korin, is to put the spotlight on parts that 
have medium total direct labor inputs which are con 
centrated in only one or two high labor operations; this 
is in contrast to the high total labor content of a prod 
uct that requires many operations, each individual op 
eration having a small labor input 


Another tool——the TAG chart 


The TAG (Test Automation Growth) chart 
l, developed by GE’s Quality Control Service group 
part of Manufacturing Services, serving the entire com 


pt ssible 


Figure 


pany) is a semigt iphical, seminumerical technique for 
determining where to devote effort on automatic opera 
tion. Numerical values, indicating different levels of au 
tomation in a test seup, are first plotted against the 
test operation elements (solid line in Figure 1) to show 
the composite profile of each element in a test function, 
then added and averaged to determine th 
“automation level’. 

Savs W. P. Sime, Process Control Engineer in Gaging, 
Equipment, and Instrumentation. “The TAG chart 
can show where cost reductions may be realized and 
where to apply design efforts for optimum results, and 
is an invaluable tool when used as supporting informa 
tion in obtaining appropriations. It is designed so that 
the present levels of automation of a test operation can 
be plotted and compared with economically feasible 
levels that could be obtained. Thus, the supervi 
specialist can inalyze an operation ind make definite 
plans for its scheduled improvement.” 

Once the operations for a test have been classified 
elements (the TAG chart lists 14), each 
element analyzed, marked, and plotted, and the 
automation level determined, the procedure for using 
the chart continues as follows 

1. Determine the manual or elapsed time (whichever 
is under study) for each test operation clement, and 
show it as a percent of the total time for the test 

2. Record the test cost for each element (or group 
of elements) in the space provided. All costs relating 
to the test should be so recorded, since for some opet 
ations power or fuel consumed may be more significant 
than labor costs 

For each test 
mechanization method 
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potentials and estimate, by past expenence and advan 
tages gained from similar applications, the savings that 
would be realized. Estimate, too, the equipment cost 
for upgrading the various elements 

4. Determine the highest automation level that 1 
justified for each test operation element, in the light 
of quality requirements, costs, and savings involved 
Mark these new levels in the 
connect the points 


appropriate boxes and 
dashed line in Figure 1). This 
new growth line shows planning work 
should be 

Che greatest gains are usually made where the opet 
ation requiring the greatest time or having the highest 
cost can be shifted the greatest number of automation 
lor example, the 
operations 


where advance 


applied 


levels positioning and removing 
of the total test 
ing time) can be advanced from hand to programmed 
operation. ‘These look like fruitful endeavors that should 
pay off rapidly, and therefore probably deserve the 
major effort by the group in charge 


each requiring 40 percent 


of unproving test 
operations 

Although the TAG chart was 
ing economically justifiable 


developed for locat 
automatic control oppor 
tunities in test and inspection devices, the format would 
work as well for other functions 


Where to look 


The clues discussed previously—excess scrap, slow 
product nonuniformity, high direct labor 
often lead directly to operations and 
equipment where improvement through modernization 

possible. The problem in the materials processing 
industries in general is to decide whether process or 
control modification (or both) is necessary and feasible, 
and whether this modification can be brought about 
economically 


materials processing 


process¢ a 
content, etc 





lo make these decisions requires the 



































techmical competence to analyze r eration of 


dynamic processes, considering the proc ontrols, 


ind the process environment open to dification and 
improvement. 

Carl Zimmerman of American Stee] & Wire points 
out “that some processing equipment may not be con 
trollable without such large s for modifi 
cations that economic justification may be qué 
Or it may be found that process variables have been 
introduced in previous operations that are inc upable 
f correction at the equipment wher itomatic con 
trol is contemplated. (For example, some of the prob 
lems created in the hot mills are carried over 
cold reduction process.) Application of automatic con 
trol, therefore, should not be attempted without inti 
mate knowledge of process dynami 
feasibility and proper integration of such systems 

Zimmerman also points out the portance of “a 
ommon denominator, intelligible to the human opera 
tor as well as to 


stionable 


into the 


x<luction 
Eventually, 
punched input cards or tapes will introduce all identify 
ing information pertinent to the process, program auto 
and initiate automatic readout of 
production data for subsequent processing through 
mechanized data reduction facilities. This will furnish 
the “economic feedback” to management 
portant process and 


almost immediately, 


1 1] ] i ‘YT 
electronicaliy controlied pr 


wchinery and data processing equipment 
matic control action, 


making im 


production control data available 
for quick analysis and decision.” 


Efficient vs. inefficient processes 


George M. Muschamp, vice president-engineering 
Industrial Products Group, Minneapolis-Honeywell 
Regulator Co., distinguishes between two basic ap 
proaches to increased earning power through instru 
mentation and control: 1) replacing an old process and 
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rABLE I—-DON’T MISS THESE ITEMS WHEN LOOKING FOR SAVINGS 


DIRECT LABOR Usually defined as the w ages of the machine 
or process operator, direct labor is largely governed by cycle time 
Whether the operator paces the machine or vice versa depends 
on how automatic the controls are. ‘The amount of direct labor 
can be determined by multiplying machine usage in hours by the 
average rate for operators 

INDIRECT LABOR Although commonly identified as all man 
ufacturing unit personnel other than direct laborers, in the broad 
sense indirect labor should include all functions of a_ business 
marketing, engineering, etc. In the manufacturing unit, personnel 
engaged in such activities as material handling, methods and plan 
ning, supervision, etc., fall into this classification. Changes in the 
requirements for such personnel should be recognized and evaluated 
In addition, consideration should be given to the effect on other 
functions, particularly engineering, since it is possible that savings 
can be realized there also, for example, in reduced engineerit 
drafting requirements 

OVERHEAD Generally speaking, this includes all expenses of 
the manufacturing unit other than direct labor, and as such often 
is either completely ignored or figured on an approximate basis 
Either of these extremes is incorrect, the proper approach being to 
determine the specific items that will be affected. Many of the 
following items fall into the general classification of overhead 

SETUP TIME Depending on the particular business, this item 
could fall into the category of either direct or indirect labor. It 
mentioned separately because of its importance with r 
automatically controlled machines 

SUBSEQUENT OPERATIONS Another labor item that might 
be overlooked. For example, improved cutting characteristics of th 
new equipment might eliminate an additional grinding or deburring 
operation. 

PREMIUM TIME Overtime premium and shift bonuses that 
ire reduced or eliminated 

FRINGE BENEFITS Payroll taxes and employee benefits that 
vary with labor costs, including such items as holiday and vacation 
pay, company costs of insurance and pension plans, employer’ 
unemployment taxes, et hese items often total 15 to 20 per 
cent of wages. 

OUTSIDE WORK CHARGES Increased apacity can eliminate 
or reduce subcontract costs during peak load periods, or even during 
regular production if demand 


ig 


spe t to 


xceeds present capabiliti 


SCRAP, SPOILAGE, AND REWORK 
juipment can cause significant losses in th urea that may b 
avoided by equipment replacement. Also, automati 


Inadequat present 


controls 


prevent or reduce “human error’ losses by removing the need 


operator direction 

FOOLING AND TOOL REPAIR This refers 
expense-type tooling rather than those 
ipitalized 
rat vices a 


to perishable or 
items that are nermally 
Che new equipment may require only 


oppose d 


imple clamping 
expensive jigs and fixtures for the present 
machine 
INSPECTION One of the features of some automatically con 
trolled equipment is its ability to precisely repeat a series 
tions, reducing the need for 
produced 
MAINTENANCE This could be either a savings or ; iddition 
t. Maintenance lip 
the new provide the means for determining this differential 
DOWNTIME OR OUTAGE Closely related ig the maint 


nance aspect, but specifically referring to th t of lost productiot 


ot opera 
inspection beyond the first part 


records on the old equipment and estimates f 


ixample idle time payments made to opera i 
machine downtime 

MATERIAL HANDLING Often automat 

ent nuaimizes material tran pe rt requirement 


INVENTORY Increased manufacturing 


ad time and low 


| 
inventory requireme! 
placed on this by using an appropriate int 

FLOOR SPACI Reduced floor Space | 

of more compact equipment or layor 

standard rate per square foot 

d productively 

POWER Pow 
from existing records on present 
ments of the new 

rAXES AND INSURANCE Property tax 
valuation will be higher for the new equipm 


iderably so that m be l 


onsumption differential 


equipment 


tandard can quot 
der a saving valid in 

idvantage of that saving 

sctup man vork by on 


, 
laxation, there ha 





its instrumentation with a completely new process and 
controls—a long-time realization of benefits, and 
2) modernizing existing plants—a short-time realization 

In turn, the latter approach applies in two categori 
efhcient-based processes and inefficient-based process 
Efficient-based processes are already so efficient that 
instruments can do little to improve on-line perform 
ance. But controls can be used effectively to improve 
overall operation. For instance, pipeline efficiency 
itself cannot be improved much, but controls can 
assure continuous operation (prevent shutdowns) and 
better utilization of distribution capabilities 

In the case of inefficient-based operations, often a 
relatively small investment in instrumentation can im 
prove efficiency by the same amount as a much large 
investment in process modification. 

In both of the latter situations there are lucrative 
opportunities for instrumentation and controls to im 
prove earning power. 

Large-scale usage of instrumentation to improve thc 
profit picture can also affect company organization, 
says Muschamp, since the ratio of capital costs will 
shift, i.e., the instrument-to-plant cost ratio will increas 
What’s more, installing more complex control can cause 
an interdepartmental shift in operating costs. For ex 
ample, consider changing from a large number of flow 
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meters, where charts must be integrated by hand 


compute product cost), to an automatic digital 


recording system Here the instrument-to-pro 


} 


ratio has increased and the 


transferred from the 


operating labor t 
iccounting departm« nt wh 
hand-integrating was done) to the maintenance depart 


ment (which must keep the new data system going 


American Cyanamid tackles high cost 


\s another advocate of the systems approa 
can ( not differentiate between 
ind control earnings, but rather consider 


vanamid does 
proce Ss 
overall producing system. Here’s how they do 
related by Willis A. Lebourveau of Cyanamid’s Pro 
duction Analysis Section, Manufacturing Services Div 

l'o locate opportunities, the present total manufactur 
ing cost (not sales or profit per unit) of « ich product 
is ranked: more than $1 million, $500,000 to $1 million 
etc. Manufacturing costs are used because dollars saved 
ind not percentage § are important Immediate payout 
of dollars supports the process improvement program 
ind reduces product cost. 

Once the large dollar areas are located, the proce 
is analyzed to see if any improvement can be made over 
existing procedures a he process Improve nt enginect 


reviews detailed flow sheets and cost sheets for chemica 





From a theoretical analysis he 
obtains a reasonable best performance that can be ex 
pected from the process and compares this to actual 
yield. ‘The difference is related to the estimated cost 
of improvements and this gives the incentive, the addi 
that can b 1 from the modified 


engineering appraisal 


tional earnings expect 
proce 

he next step IS a propo il to technical management 
to show just what must be done to realize the 


of the proc The study 
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amount of work to be 


idditional 
earning ¢ ipabilitic ; propo il 
points out th 


TCAs inh inproved chemi il I Vt 1 In 


] 
i 
in laboratory work, in pilot-plant work. and 


ion. Information obtained from thes 
used to modernize the actual pro 
ile « xperimentation and full pl duction 


on concurrently 


WHAT COSTS TO CONSIDER 


Determining present and pro 
ition is the next step in a mod 
it is one of the toughest 
labor (the actual amount 


product 


lanutacturin 
ind direct mate But overhead 
indirect factor uch a wings in | 
pletel parate d partment) are mor 


] 


down. Overhead include upervi 


tenance, depreciation of machin 

plic heat, power, light, et 
illocated and distributed on 

ire a number of technique 

hour, so much per ma hin 

these method ire only approximat making 
tremely difficult to find out exactly how 
ingle operation in a « mmplicated engineering or manu 
dificult in 


pointing indirect costs is on t reasons why thet 


much an 
facturing procedur may co 


has been such an emphasi ( rect labor and mat 
rial cost These can be measured—and relatively easily 
William Ostrander of Gk’s Specialty Control Dept 
Wavnesboro, Va points out that ‘“‘overlooking th 
t reduction po lil 
inst yourself, since th nd 1 
taining 
of tim 


iwgregate mor 


ibilitie 


one of inefhcient equipment for 


period during which continuing | would 
than the cost of the new equipment.’ 
Areas wher vings tht be realized at 

l'abl ] Thi wa d by ¢ I 

by Specialty Control personnel, and could be 


mented with a little imagination 


DECISION-MAKING TECHNIQUES 


Using the 


pre par 


opportunity locating te hniques Will 
usually turn up mor possibilitic than most « 
can implement or afford That indicates that additional 


necessar At IBM 


lernization project 


mpatil 
screening 1S before serious stud 
tarts on a mo manufacturing engi 
neering determines stability -of design and volume 
minimum of two vears’ design stability and two vears’ 
volume tabilitv. are required befor the 
tarted 

But in most cases the 


is money: will the 


project 1 


major factor in the decision 
idditional capital expenditure earn 
more than the compam specified minimum? Re 
search by Ostrander of GE ha 
three popular financial 

hort pavoff rate of return 


shown that there a1 
decision-making — techniqu 


ind the MAPT re placeme nt 


I'he following des ribes these ba 
ral specific technique In 
offshoots of the basi 


Short pavott 


annual S& 
nvestment ulpment les 


pment 


installed cost of 1 
salvage value of old e 


vings gross savings before income taxes 
of this approach establish 
| (often three | 
not 
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ivantage 
ent machine 
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Frings pen 
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Power $200 
Taxes ad ins ! 550 
$750 
$10,000 


30.000 
10.000 


2 000 


la 
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return. The formu 


savings depres 
investment 

where savings gross annual sa\ 
depreciation annual depreciatior 
investment net. initial investm« 


example witl 


10.000 
30,000 


ed, there are m 
return, including such refinements a 
resent wort! ] 


MAPI replacement formula 


Lhe most recent entry 
evaluation methods, 1 
formula, named for its d 
Products Institute. Sin 
this method has 

placement analysis devi 

Che theory of MAPI is that ther 
ry cost to | 11 lere 


( 
se 
gained 
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terminal salvage rotio 
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FIG. 2 MAPI chart for deriving new equipment’s 
adverse minimum. Some companies replot this chart to 
include their own cost of capital funds (interest 


capital cost, and the objective of a business should be 
to keep the sum of these two at a minimum. Since 
these two costs go in opposite directions with the 
passage of time, they are adverse. This partly explains 
one of the several unusual terms in the MAPI tech 
nique: adverse minimum. It means: the lowest timc 
adjusted annua! average of operating inferiority and 
capital cost obtainable from the equipment in question 
In MAPI, the alternative with the lowest adverse mini 
mum is the one that should be selected. 

To handle the previous example by the MAPI 
formula some additional assumptions must be madc 
new equipment—useful life, 10 years; terminal salvag: 
value, zero. Old equipment—one year decline in sal 
vage value, $500. Interest rate—10 percent 

New equipment 
Operating inferiority (gross annual savings a 000 
Capital cost 

resent salvage $2,000 

Next vear salvage 1,500 

Loss in salvage $500 

Interest on present salvage at 10 per- 

cent 200 


Adverse minimum, 


Old equipment 
0 


Terminal salvage 
Salvage ratio /cost , 0 
Chart reading (see Figure 2 and A 
following discussion 16 percent 
Interest rate 10 percent 
Total, percent ‘ 26 percent 
Adverse minimum (26 percent of $30,000 $7 , 800 


Next year’s gain from replacement $2,900 


Figure 2 is a graphic representation of the formula 
for the adverse minimum of the new cquipment. Tol 


lowing the instructions listed in the box on the figure 
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will yield the chart percent (16 percent in this example) 

Che next-year gain of $2,800 signals replacement, 
and, in theory, any positive answer would give a yes 
answer to a replacement proposal. If a salvage value 
had been assumed for the new equipment, the gain 
would be greater. 

Neither the payoff nor sate-of-return method gives 
consideration to the future obsolescence and deteriora 
tion that will arise with respect to the proposed equip 
ment. Both are factored into the MAPI method by 
calculating the adverse minimum for this equipment 

Most restrictive of the three methods is payoff, for 
it is usually accompanied by a maximum payoff period 
provision. Both of the other methods give considera 
tion to the useful life of the equipment 


Control earning index 


[he control earning index was developed by H. R 
Chope of Industrial Nucleonics for the specific pur 
pose of comparing the increment of improved earn 
ing power brought about by the addition of instruments 
ind controls (Refs. 3, 4). Somewhat similar to th 
rate-of-return method, the index is a number that nor 
mally ranges from about 5 (not so good) to 20 (excel 
lent) in the sheet-processing industries. Different 
ranges will be typical of other industries where the 
traditional return-to-investment ratio is cither higher 
or lower. As in the payoff method, a company can 
establish a value of the index below which it will not 


consider the proposal. The formula 


aie net annual savings 
control earning index 
net annual cost 
The above representative values of the index are based 
on straight-line depreciation for a period of five years 
For the previous example 
-_ ind 10,000 — (28,000/5 OR 

control earning index = 

‘ ol ea iz inde 28.000 /5 
Note that the nominal range for the index in this cas« 
obviously is different from the range established in the 
sheet-processing industries. Whether this is acceptabl 
or not depends on the company and industn 


Present net worth 


\t GE’s LMED, frequent use is mad 
ind a set of curves to determine whether an expenditure 
or further effort can be justified. The relationship, based 
on the accountant’s present net worth formula 

_ f-0494 
E = : S 
¢ 
dollars justified for improved instrumentation and 
control 
dollars saved 
return expected on capital, percent 
n = amortization period, years 


formula 


where EF 


Accountants have used this relationship for a long tim 
to determine whether present investments in buildings 
ind real estate will pay off in the future What this 
formula says is “a dollar returned in five years is worth 
less than a dollar today”. It’s a way of adding interest 
to money expended for capital purchases 

Figure 3 shows a plot of E/S vs. n for a 
of return Phe ertical-axis value is a nondim ional 
number, such as 2.04. Tt means that for « dolla 





saved by automatic equipment, $2.04 can be spent fo 


1 insta 


the development, building or purchasing, an 
tion of this equipment 


company to compa! 


Naturally, the values vary from | 

nce every company’s management has a different 
‘ew on the return ipital must earn, a fundamenta 
constant in the formula But plot can be made t 


policy And ar 


suit cach 


ing pot ntial modernization projects 


ompany’ helpful in 


Weighting method of screening alternatives 


The weighting method is not mn ple tcly an cconom 
aiccision- making technique, is are the other ipp! ach 
in this section, but it is useful for evaluating the rel 
t merit of various method 


Figure 4 shows the form and factor w 
by Maynard’s group at GI 


number of the condition most nearly 


ghtings used 
How to u it: insert the 
uiting the factor 


being msidered for each method I example, if 
6 to 20 pe yple ire required put 2 in the box for applied 
labor After all the weights are filled in, the method 
riving the least total weighting has the highest rat 
Ingineering economy study 

Th ngineering economy study is a specih ippli 
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How to Prepare an 


Engineering Economy Study 


Two No. 4 Warner & Swasey turret lathes, obtained in 
and installed at a cost of $6,000 each, are performing drill 


reaming, tapping, facing, and turning operations on aluminum 
pump bodies. If these lathes are not replaced with the Nx 

AC being considered, it will be necessary to rehabilitate them 
to the extent of scraping the ways and replacing spindies and 


bearings, at an approximate cost of $1,000 per lathe 
should add about four years to the life of the equipment 


The man-to-machine ratio for the No. 4 lathes and the No 

the pump body 
will cost $24,500 plus $200 freight and $300 installation 
ut-down 


AC is one to one. A No. 2 AC tooled up for 


The No. 4's can be sold for $4,300 minus $50 for 

lf the No. 4's continue to be used for another year, 
value ($4,300) will drop $500. A No. 2 AC subjected to 
years’ normal usage will bring $1,550 in a norma 
machine tool market, minus removal charges of $50 

Machining of the pump bodies on the No. 2 AC 
scheduled in 500-lot quantities after a three-ho 
Standard direct labor hours amount to two per 
bodies (one end only). Current standard direct 
for the No. 4 lathes amount to 24 per 100 bodies 
systems, labor efficiency is 80 percent 

General maintenance on the No. 4 lathes over | 
has been approximately $200 per year per machine 
scheduled maintenance approximates $50 per year per 


per month, which can be reduced to approximately $40( 
month with the No. 2 AC. Property rate in both cases 


sharply with the No. 2 AC) 
Machine capability information available on the N 
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5 COMP ARTION Fac TOR 


- bo 
= nn is $2. Repairs to product would be the same for bott 


over 10 years old, as compared to a No. ; ndicates 
a reduction in scrap of one-half percent can be ant 
For the operation being considered, the irrent scrag 
2 percent, and the average value of the machine body 


A careful study of the accompanying form w show 
each one of the conditions cited here 
colored blocks include the actual costs, arr 
completion, when the make-good report 
covered in the next section 





nted for 





in income as well as costs. It reduces the analysis to 
a comparison factor, which is the ratio of next year’s 
gain to the net investment, and can be used for ranking 
capital projects in order of desirability.” The box 
above shows the engineering economy study form 
and includes a hypothetical lathe replacement proposal. 
(Ignore the colored areas for now. They're the actual 
costs, filled in when a “made-good”’ report is prepared. ) 

“Next year’s gain” is a complex entry consisting of 
next years capital cost of the present facility, plus 
excess operating cost of the present facility, minus next 
year’s composite cost of the ay a facility. Next 
year’s capital cost of the present facility is the sum of 
10 percent of the net value of the facility, next year’s 
salvage loss, 10 percent interest on the capital addition, 
and the prorated capital addition. This is added to 
the excess operating ie of the present facility (present 
minus proposed—all costs carefully considered). Next 
year’s composite cost of the proposed facility is ob- 
tained by multiplying the installed cost by the MAPI 
chart percent (similar chart to that shown in Figure 
2, except that the cost of capital funds at 10 percent 
per year is built into the curves) and then subtracting 
from the previous total. The comparison factor can 
now be calculated. 


HOW SUCCESSFUL 
WAS THE PROJECT 

The extremely difficult problem of accurately dete: 
mining all costs and savings must be solved before an 
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added piece of automatic equipment can be 
If costs can’t be determined accurately before moderni 
zation, they probably can’t be determined after it 
Maynard of GE’s LMED relates that his key meas 
urements of success are first, a comparison of act 
formance with estimated specifications, and s 
measure of utilization of the new automatic equipment 
The GE engineer points out that if estimates indi 
cate that a machine should do 1,000 
hour and it does 1,200, there’s a pretty 
the project was a success. On the other 
only does 400, there’s trouble. The big problem a1 
when the improved equipment ends up at a 
to the borderline of justification 
Utilization is an even more significant figure 
new machine is used 75 percent of the time 
it’s a good bet that the modernization project 
success. But this doesn’t always happen 
often, a company finds itself with a new automati 
machine sitting idly on the side because the p1 
it was supposed to make is no longer in the pr t 
line, or because the machine itself had bec 
designed or conceived 


Surprisingly 


Make-good reports 


To help measure project success, Thompson Prod 
ucts requires that a “make-good” report b 
90 days after project close-out. The make-good report 
itself is essentially a discussion of the factors that 
effected project success (economic justification indi 
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chine. Current tool and expense item costs are averaging $60( 


per $100 of taxable value (but this taxable value increase 
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Testing Subassembhes 


mn Large 
and Small Lots 


G. M. SHUMWAY 
N. R. BROWN 
Westinghouse Electric Corp. 


l'esting complex control systems, missile systems, 
and special electronic systems by manual means is a 
slow, time-consuming operation. At the Air-Arm Div., 
average test time for a typical unit ran over 1,000 hours. 
And more important, manual testing was far from per 
fect. Even highly trained, competent technicians make 
mistakes, particularly when the job requires repeat test 
ing of a large number of wires, components, or circuits. 

When automatic testing was first studied, it was felt 
that the technique could be applied only to high-volum« 
production—something very uncharacteristic of military 
electronic systems fabrication. But closer investigation 
indicated that some of the most profitable applications 
of automatic test would be in low production areas 
where flexibility was a critical requirement. 

An example of a unit with a requirement for both 
high production and flexibility is an automatic molded 
unit test set built to provide both static and dynamic 
testing of molded units—subminiature amplifiers, servo- 
loops, and divider networks encapsulated in plastic—in 
production quantities. Tests are conducted by setting 
up a precise ac or de signal input to the unit under test, 
then comparing the output against a standard value. 

Programming is accomplished with a patchboard 
Each type of unit tested requires a separate board. A 
stepping relay controls 180 separate switches which 
route the various voltages to the item under test 

lable I compares the cost and production rates of 
testing an encapsulated plug-in unit by manual means 
(using a test stand with an instrument) with the auto 


l'ape-programmed function tester 
cut chassis test time by 73 percent. 


matic machine. ‘The product is approximately 24 by 24 
by 7 in., contains 14 parts including two subminiature 
tubes. Test time was cut 85 percent, from 7.8 to 1.2 
min, Output per day boosted from 61.5 to 400 units 

lLlowever, maintenance on the new automatic exjuip- 
ment was greater, 16 times that required for the manual 
test stand. And the maintenance crew had to have a 
much higher degree of skill 

At first glance, the initial cost of the automatic 
equipment, $27,500, seems out of the question com 
pared to the cost of the manual test stand, only $950. 
With a saving of $0.216 per unit (this varies, of course, 
with different labor rates), it takes an annual produc- 
tion of 110,000 units to pay for the unit in one year 

But the biggest advantages of the automatic tester 
start to accrue as additional types of units have to b 
tested Table II shows hows the required number of 
units of each type decreases as the number of types 
increases—to carn savings equls ilent to a 20 percent 
return on the initial cost. The number of units per 
month required to pay for the additional cost of the 
1utomatic equipment also drops rapidly as the number 
When there are 42 different types of 


of types increases 
units, or more, it is che iper to use the automati equip 
ment, even if no direct labor savings accrue 

A second example shows the advantages of flexibility 
in automatic test equipment even more sharply. Before 
mechanization, chassis assemblies were checked by 
hand instruments A techn 
cian traced out the circuits and physically checked them 
In 1957, a purchased automatic function tester was 
adapted to make continuity, leakage, resistan im 


Simpson ohm-meter 


pedance, ac voltage, and dc voltage measurements at 
a rate of three tests per sec. To program the test, a 
special adapter made up primarily of stepping switches 
was engineered and built at a cost of $4,000—a separate 
one was required for each type of chassis to be tested. In 
1958, a modification of the unit was put to work: the 
new unit was programmed by punched tape instead of 
Table II] compares th 
costs and production rates of manual inspection and 
utomatic inspection, first with the original equipment 
ind then with the tape controtied machin 

In this case, too, the major savings accrue from r 
ductions of direct labor. Test time was cut 73 percent 
from 5.5 hours to 1.5 hours. The big advantage in 
tape control results from flexibility and the elimination 
of the $4,000 charge for the Initial 


the stepping switch adapter 


idapter board 


TABLE ? MOLDED UNIT TESTER 


PRODUCTION RATE 
MANUA 
Z| 





Test run time (min 
Production rate (units per day 61 
Productivity increase (percent) 
Maintenance (min per day) 
Production loss due to maintenance 

units per day) 


Effective production Increase (percent 





COMPARATIVE COST 
MANUA 
Initial equipment cost 
Manual stands $950 $3,801 Machine 
Extra Pane 
Adapter 
Tota! equipment cost $3,800 
Output per year (units) 97,006 
Direct labor savings ($ per unit 
Annual direct labor savings ($ per yea 








TABLE Il 


CASE HISTORY 
# | 


PRODUCTION RATE REQUIRED TO EARN AN ANNUAL 20 PERCENT RETURN 


(Automatic Molded Unit Tester) 





Cost of 
automatic equipment 


Cost of manya 
equipment 


Types of molded units 
to 


be tested 


Total No. of units 


n onth 
per mo 


Average No. of units 
of each type per month 





$ 95 


1,900 


7920 
USN 


3,080 





Tr d te 
units required 


nits required t 


pay for automat! 
pay additional 


TABLE Ill 


abor savings 
st of direct lab r savings 


FUNCTION TESTER 
PRODUCTION RATE! 





hrs) 
hecking 


Troubleshooting 


TOTAL 
Production rate (units per day) 
Productivity increase 
Maintenance (hrs/day 
Production 5 due t 
maintenance (units per day 
Effective production increase 


percent) 


percent) 











Machine 
Modificat 
Engineering 
Adapter* 





TOTAL COST 
utput per year (units) 
Direct labor savings 
$ per unit*) 
Annual direct labor 
savings ($ per year 





NOTES: 1) Connection modificatl 
2) Console can be eliminated; It was in 
3) Engineering t 


4) Cost of fabricating adapter t 


# olan the tect 
planning the test pr 
ae nr 

ard prog 


6 et of or and necessary 


preparing the tape 
6) A 


cost is $3,700 higher, but dividends quickly show up 
when more than one type of chassis has to be inspected 

lable IV indicates the production required of each 
type of chassis to earn a 20-percent return on the in 
vestment in automatic equipment. The advantage of 
tape-control becomes obvious as the number of types of 
chassis increases. In a typical aircraft fire control sys 
tem, for example, there are from 10 to 20 different 
kinds of chassis that require function testing 

One other intangible advantage has resulted from 
the use of automatic function testers. When manual 
testing was the practice, technicians haa more difficulty 
checking out the first units produced until they could 
familiarize themselves with the blueprints, schematics 
ind hardware. ‘This tended to create bottlenecks at 
the start of production. To meet the target dates set 
by the military, the contractor frequently had to work 
the inspection staff overtime, and move additional 
electronics technicians into inspection t« mporarily until 
familiarity cut test time to what had been previously 
estimated. With the automatic equipment, it takes 
no longer to check the first chassis than the last on 


yming average labor rate of $2.00 per t 


ns to adapt machine for a SD 

rporated for 
gram 

ram the te 


TABLE IV PRODUCTION RATES 
REQUIRED TO EARN AN ANNUAL 20 PERCENT RETURN 
(Function Tester) 





N ‘ 
Adapter 











I he 


final payoff of automatic test equipment such 
as this comes in checking out and troubleshooting th 


final assembly. At the Air-Arm Div. there has been a 
significant reduction in the time required for this last 
operation. Some of this decrease has been d 

proved design, improved techniques 
and other factors. It is 
percent is attributable to 


due to im 
inufacture, 
that 30 


cedur 


estimated, h 
iutomatic test pro 
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Because of its flexibility, the conventional ram-type 


Cutting Turret 
‘i turret lathe represents one of the most useful machine 
ools for shor d med yroduction of turned 
Lathe Production me But a — 2 apes poe : it aa 


ilmost constant operator attention To redu high 


. production costs inherent with such equipment, shop 
Costs WY ith operators are taking a closer look at automatic control 
Relatively low turret lathe production seldor 
fies the cost of an automatic lathe It do weve} 
. warrant the cost of some conversion equipment 
Automatic Control Thompson Products, Inc., of Cleveland has made 
some significant cost reductions by converting fou 
No. 3 Warner Swasev turret lathes to automatic opera 
tion with a Lynn hydraulic drive attachment. Thi 
unit, made by Lynn Mfg. Co. and sold through Lincoln 


Industries Co., is designed to automate any ram-tyy 
turret lathe. old or new. without affecting it uitabilit 


CHESTER T. LESINSKI for short-run production It mounts on the end of 
5 the lathe bed and operates on its own pow 
Thompson Products, Inc. in electric-motor-pump combination that fur 
the power previously required of the operat 

Once programmed ind set in operation, if 


< : 
functions generally associated with more elal 


COST COMPARISON* mati Typical operations: automatic ram dr 


turret indexing; automatic cross-slide driv 
COST ITEM WITHOUT DRIVE DRIVE ting feed and spindle speed; automatic collet 
[ } ] rapid traverse to and from workpi ( 
motion for chip removal; dwells and backfeed 
T exe Rerhaps the most important feature of the 


Property tax unit is that an operator can easily and rapid 
Fringe benefit a complete machining cvecle with on 

wrench This is done on the master 
her 


which indexes the turret The drum 





eight rows of tapped holes, each row corre 
Savings 15,557 1 particular turret face. Fach hole in a 
First year jrives (23 percent) ‘ corresponds to a different clement on the machi 
son anki: te Gout yee 2 55 program an elem« nt at a particular point i the cvcle 
tet investment 13.060 the operator simply puts a cap screw in th 
Comparison factor ~ 32,553 = 2.49 tapped hol The protruding head of the 
13,060 then contact a switch at the proper time 


Economic Justification 


In October 1956, before going ahead with the change 
over, Thomnpson engineers made an economic study 
engineering economy study. sec page 76) based on thei 
anticipated 1957 production schedule. Results of thi 
study indicated they could save over $38,000 in operat 
ing costs by investing $14,220 in four Lynn drives. A 
year later, in September 1957, this same study was 
repeated (make good report, see page 76), this time with 
actual cost figures obtained after the lathes were 
equipped with the hydraulic drives. The table illu 
trates the difference in operating costs, based on the 
actual 1957 production schedule. The figures in the 
left-hand column represent estimated costs for manu 
ally operated lathes. ‘The estimate is quite accurate, 
since it is based on actual rather than estimated sched 
ules. The drop in savings from an estimated $38,000 
to an actual $32,553 is attributed to an unexpected 
cutback in production schedules. Pay-off period for 
the new equipment was only 4.4 months 

Of the total savings in the first year, less than 2 per 
cent was attributed to savings in tooling; the bulk 
stemmed from reduction in direct labor and fringe 
benefits. 
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Density Controller 


DONALD W.. RICHMOND 
Monsanto Chemical Co. 
Making one 
reased plant capacity up to 10 percent at 
tion of Monsanto Chemical Co. Here’s how: 
An Obhmart density-measuring conti 
tem, installed 
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control loop do the \A Ik 


radioactive 
Buffalo ev 
the 


idjusti 


rator producins 


finished-product con 


on a 
control 


: apt 
U-percent ( 
centration by 
flow I 


ng the evaporat 
The Ohmart 


continuously 
input ite 


| of 50-percent causti 
ify 


den onsists of a 100-millicurie ce 
137 source, an Ohmart detector cell, 
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1 Beckman current 
recorder equipped with pneumati control 
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per iture 
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loops usually 
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on boiling liquid 


[mproving Myout with 


A leasuring Elements 


JOHN R. DONOVAN 
Monsanto Chemical Co. 


} 
Modifying control components to withstand proce 

the ( ot i 

t sulfuric acid plant the total increa 

n of | per lly paid for inst 

letail | 
mtaminated with carb« 
nm try for 


foreign matter does n 


conditions « 
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quality of acid produced, the presence of 


sulfuric ac th 


very much affects flow properties of the molten sulfur 
Ordinary flow-measuring instruments have been unsu 
cessful for this application, causing severe fluctuation 
in the rate of production of SO 


concentration of g fed to 
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thus in the 
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[ncreasin 1g the 


Capacity of a Data 
Acquistion S' ystem 


ARTHUR T. SNYDER 
Boeing Airplane Co. 


During the past 20 years, the requirements for flight 
test data—quantity, diversity, and difficulty of acquisi 
tion—have increased tremendously. To keep pace, flight 
test engineers have had to put new and improved equip 
ment to work continually. This new gear has paid off 
handsomely in time savings and cost reductions 

As recently as 10 years ago, (1948), the 12-channel 
recording oscillograph was the standard instrument. A 
typical installation would comprise this recorder, a photo 
panel with about 30 instruments on it, and a strip chart 
recorder to print out readings from about 50 thermo 
couples at a one reading per sec rate. This setup would 
record about 100 variables; 12 of these would be re 
corded continuously while the others would be “sam 
pled” at a slow rate. 

The table shows the number of recording channels 
installed and utilized on four B-52 flight test airplanes 
just before the adoption of automatic data processing 
techniques by Boeing’s Flight Test Staff. These figures 
indicate that the number of recording channels required 
on a test airplane increased four-fold within 10 years 
The increase in requirements for data (in terms of the 
number of processed readings or “data points”) was 
even greater, because of the mushrooming use of oscillo 
graphs. Because they record continuously with a fast 
response, these acquire more information per channel 
per unit of time than do photo panels and strip chart 
recorders. 

By 1950, the problem had changed form: flight test 
data could be recorded with considerably more facility 
than it could be processed. (The term “processing” 
designates all the sorting and arranging, the application 
of scale-factors, zero offsets and nonlinearity corrections, 
the replotting or tabulating, and similar operations 
associated with data presentation in proper final form 
to the design engineers.) 

When data processing flow time and costs became 
unsatisfactory, the first approach was to find techniques 
and devices that would speed up data transcription. 
Typical experiments: trick scales, slide rules, and readers 
for quickly converting trace positions on oscillograms 
to data readings. 

But there was no real improvement until the com 
mercial availability of oscillogram readers, machines 
that digitize the reading when the operator adjusts a 
cross-hair or scribed line to the desired point on the 
oscillogram trace, and produce the data on punched 
cards. Other equipment acquired: large digital plotters, 
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designed to plot final data to desired scale factors from 
punch cards, manual key punches to put photo panel 
and other data in punch card form and card-input 
digital computers to handle scale factor and zero offsets, 
linearity corrections, etc. 

Chis constituted a “semi-automatic” data processing 
facility which effected a real improvement in the cost 
of processing flight test data. For example the sem 
automatic system reduced the cost of oscillographic 
processing to less than a third of its previous value 
The dollar cost per thousand data points processed, 
based upon an average over a six-nonth period 

Manual transcription of strip chart data 

Manual transcription of photo panel data 


Manual transcription of oscillograph data 


Sem-automati | 


transcription of oscillograph data 


By 1954, the data processing work had increased to 
a point where a crew of over 100 data transcriber 
could not keep up with the load. Although final data 
was available in a day, or even overnight on certain 
top priority tests, the data on tests of lesser importance 
was sometimes delayed wecks or even months. To 
meet this delay, a new recording approach was taken, 
one that would permit a truly automatic data processing 
procedure. Engineers reasoned that as long as data 
was recorded in visual form so that the human ey 
had to help convert each discrete reading into an ele« 
tronic impulse, there was little hope of further improve 
ment. The 
electrically retrievable form which would be 
into existing data processing machinery at high speed 
Recording by magnetic tape was the obvious answer 
rhe first step in setting up an automatic system wa 
to determine where the money was spent in processing 
data. The results: from 80 to 95 percent of the total 
cost of processing data was expanded in reading quasi 
static variables—functions that changed so slowly that 
continuous reading was not essential, and where rather 
slow sampling techniques could be used 
difficult to design a universal system capable of han 
dling both dynamic and quasi-static data, the first sys 
tem recorded only quasi-static data. The factors that 
predicted the nature of the system were 
1. A large number of inputs to be accepted, with s 
quential sampling at a fairly slow rate 
Data would have to be stored by an airborne devic« 
because telemetering was not feasible 
Long recording time on one reel of tape 
Off-the-shelf hardware and established techniquc 
were to be used to reduce development time 
. Digital computing equipment already leased by 
the company was to be used 
. Accuracy was more important than high sampling 
rate. 
. Twenty-four-hour data processing flow time wa 
necessary to meet testing schedules 


inswer was to record test information in 
inserted 


‘ 
since it 1S 





RPLANE F RECORDING CHANNELS 





Strip 


hart 





A” 58 
B” 441 
p” 

Average for 4 alrplanes } 129 








8. Scale factors, zero offsets, linearity corrections were 
to be accomplished within the digital computer 
9. Inputs from existing low-level transducers were 
to be accepted 
The system selected was a special low-speed, low- 
level, pulse-duration-modulation system employing a 
multitrack airborne magnetic tape recorder. The basic 
data processing plant consisted of a playback tape 
transport, an electronic analog-to-digital converter, and 
a digital tape transport, all of which would produce 
1103A computer input data from any one of the tracks 
on the flight tape, at eight times the speed at which 
the data was recorded. The 1103A computer, in turn, 
was programmed to accomplish the necessary sorting, 
classification, arithmetic, and algebraic operations ne 
essary prior to tabulation or plotting of final data by a 
high-speed digital tabulator 
Features of the automatic system are thes« 
> The airborne equipment is capable of recording 
the output of 420 transducers at a sampling rate 
of two and a half times per sec 
P Data is recorded on 12 tracks on 1.0-in. tape at 
3} peed. Fight million readings ar 
500-ft reel of tape during 2 hour 
ind S min ntinuous recording time 
P Full-scale transducer outputs are nominally plus 
or minus 15 millivolts; the system records these 
potentials in pulse width derivative form on the 
resolution of plus or minus 0.15 milli 


Comparing the cost of acquiring test data with the 
semi-automat ind automatic system is difficult fo 
everal reasons. First, no two test programs are alike 
in both magnitude and nature of data requirements 
o that there is little validity in a comparison of total 
costs on a “magnetic tape” airplane vs. one in which th 
tape system was not used 

Second, at Boeing costs o design and installation 
operation a kept on the basis of manhours expended 
ind capital cost of equipment; costs of data processing 
ire based upon manhours expended and prorated cost of 
leasing equipment 

linally, the “automatic” approach inevitably leads to 
equipment that is more complex, hence more costly to 
procure, operate, and maintain; but the real benefit 
that accrues is the fact that final data can be presented 
vithin hours or at worst within a verv few davs with 
the “automatic” svystem—instead of the davs, week 
ind even months previously required 

There are some kev cost figures ported since 


tarted using an automatic svstem in 1956 
| 


Preparatory Cost of designing the airborne installa 
including cngmeccnrng supervision ( libs iti nm 
k-out prior to first flight, was determined in 
1 manhour cost factor In five tvpical B-52 
in which magnetic tape svstems were not 
rage manhour cost per recording channel 
to unity: then the equivalent average man 
were determined for five similar KC-135 
) 


1 


which magnetic tape was extensive ESC 


Avcrage Man! 
st Fact 
r Chan 
B 147 1 
KC] 118 
onsidering the fact that there was no prior experien 
th the macneti tape system, tf appea that in th 
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future there will be little, if any, incre 
preparatory costs 

Capital Cost of equipment comprising the airborne 
recording system include estimated average costs of 
transducers, network panels, recorders, and power sup 
plies necessary to record the stated number of channels 
by each type of recording system 


Cost of 


Channel 
KK ling Syste System 
PW M-magnetic tape $48,00 
Oscillograph $40,000 
Photo ] $2 
Strip-chart 1 wder $11.06 


It should be noted that where the strip- 
inputs are multiplexed to provide a number 
equivalent to the other systems, the I 
still much slower 
Equipment Maintenance Costs are n 
this equipment. However, it can be n 
total work load and the number of maint 


} 


onne! employ <i in the Instrumentation 


elatively constant during the perio 
to July 1958. The magnetic tape 
operation during this period. Des; 
plexity of the tape equipment an 
experience, the total mamtenanc 
ment have held essentially constant 
Data Processing Costs are derived b 
of labor over a given period, plus th 
rental over the same period, and dividit 
I f readings or “data points’’ proce 
nclude programming the computer an 
quipment that converts flight data t 
Equipment rental includes p 
ymputer 


07 Program, from beginning to Ap 


PWM 


idvantage in going 
1utomatic” data acquis 

properly present data 
orrected, and comput 

rt time after termination of 
} 


vas been to fur 


rs after the requ 
cessing flow time 


it Boeing 


plane programs averaged 1.4 day 
tests processed in April 1958. An 


} 


data points per test were processed 


lun is tremend Ws 
thr 


Another advantage accrues from 


data processing costs, as indicated abo 
the number of channels to be recorded o1 
remains large 1utomatic data processing 
And e benefits can be achieved with 
in airborne equipment cost 


! 
n installation perition 
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Reducing Operating 
Costs with a 
Statcally Controlled 
Transfer Machine 


C. REINING 


Westinghouse Electric Corp. 


\ completely automated five-station transfer machine 
is making oven liners for 1958 ranges at the Westing 
house Mansfield, Ohio appliance plant. The new ma 
chine uses Cypak static control components, rather 
than conventional relay control, to reduce maintenance 
considerably. A close look at the economics involved 
shows that the transfer machine has been a good invest 
ment. And that the static switching control was well 
worth its additional cost 

The figures in Table I detail a study made in August 
1956 to compare the costs of acquiring and operating 
new conventional machines for the oven liner welding 
and forming line with the cost of new automatic trans 
fer methods. The “additional” investment costs actu 
illy experienced were very closely in line with those 
predicted by this study For example, the installed 
capital equipment cost of the actual machine was 
$123,372 as compared to the $118,080 predicted by th 
study. Of the actual cost $9,858 went for installation 
of the machine at the Mansfield works 

The cost comparison in ‘Table I accounts for all of 
the costs associated with each of the production meth 
ods. Because a newly designed oven liner was to be 
produced, new forming and welding tools had to be 
developed and bought, no matter what method wa 
used; hence the figures for tools and development. And 
with cither method, some equipment had to be r 
moved to make place for the new machines. ‘The dif 
ference between the columns is the additional invest 
ment cost of the transter equipment 

I'he Cypak control equipment on the oven linet 
transfer machine cost $17,200, the conventional relay 
control $5,73 The Cypak figure, however, includes 
in increase of about 10 percent for indicating circuits 
that automatically tell which part of the system ha 
failed to operate normally and greatly reduce troubl 
diagnosis time. ‘The differential costs are typical of 
those which would be met by any purchaser of Cypak 

lable Il compares the costs of Cypak control and 
standard relay control for 14 machines built or on 
order for Westinghouse by five different machine manu 
facturers. Table II also shows how much the percent 
age of the total cost is increased by static switching 

['able III lists the results of a survey made at the 
Mansfield plant to determine the comparative maint 
nance costs for Cypak-controlled and relay-controlled 
equipment It shows that the average time 1 quired 
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to repair an equivalent relay in the Cypak system i 
less than 5 percent of that for a conventional relay 
l'ranslation of these figures into dollar ived hinge 
strongly on other factors, however. For example, sav 
ings in downtime necessary for maintenance become 
more important as the machine is used more of the 
possible working time. If the current schedule has the 
machine operating for only half a shift, production 
time lost for maintenance is easily made up 

Another factor is technician man-hours, which will 
only become important if a large-enough percentage of 
the plant’s equipment is statically controllec. Saving 
maintenance time on a single machine will not reduce 
the need for technicians in a large plant 


TABLE | 


COST COMPARISON — CONVENTIONAL VS. TRANSFER 
MANUFACTURE OF 1958 RANGE OVEN LINER 
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Lowerin 1g Generatin 1g 
Costs with Com puting 
Controllers 


L. K. KIRCHMAYER 
General Electric Co. 


In the electric utility industry, optimizing computet 
ontrollers like the General Electric automatic dispatch 
ing system can automatically ystem fre 
quency ind net interchange at desired values, and 


allocate generation among units accord 


maintain 


simultancously 
ing to incremental cost theories. High-speed data proc 
essing computers are being used to evaluate fuel saving 
possible rT 


Optimum production economy for a 


un the use of such computer controllers 
given combina 
tion of generators in service is obtained when the incr 
nental st of received power 1 the ime from all 
ble irces (Ref. |] Figure 1 shows the control 
cheme used with the GE automatic dispatching system 
Others varv somewhat, but all economi 


e the basi 


di pate h sys 


equ ition 


' 
the incremental cost of ré ived powe! 


incremental production cost at suse n 
megawatt-hour, and L, 1 penalty factor 
mn losses from urce un to the load 
1, the area 

frequency and net interchang¢ 
mb i controller to d 

gnal for nput to thi peed 

nits under control. The G tem interprets the out 

put of thi mtroller as A, modifies it for each sta 

tion by its penalty factor, and sends it on to the 
el changer The 


requirement signal is gen 


peed level changer act 
to reduce the area requirement to zero via thé 
in Figure ] Then a slower 
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via the dotted lines to reall 
imong the units in the most econ 
according to the equation stated previou 
tion generators store the relationships | 
mental production costs and outputs of | 
IBM 650 and 704 electronic data 
hines have been used recently to eval 
ible b 
certain real power 
From plant records, determine 
value of unit outputs 
By subtracting losses from the 
total generation, determine received 
Reschedule generation according to 
Calculate differential hourly fuel 
Integrate savings over the time pt 
The savings due to the considerat 
yn losse ire determined as follow 
1. Calculate schedules for given 
tern with penalty factors negli 
Calculate differential hourly 
in dollars per hour 


takes place 


¢ 


applying such automat 
ystem Th 


l 


Integrate savings over the tin 
In such studies, a digital comput 
iluates the performance of an anal 
Here is a typical case The effect of 
matic computer di patch has been 
isual da n the Southwestern Pub! 
tem. SPSC has its general off 
nd at the tir of the study, had 
. ' totaling §& 
ind station per 


letermine the “‘as-operate 
each station hour by hour during 
ual operation, according to gene! 
Iculated from the ordinat 
ious load experience. Thes 
to the 


yptimum generation 
from the coordination ¢ 
onditions that dav 

mMmpa}% on 

The tot i] he 
ition, show1 
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Centrahzing Tank 
Farm Operations 
with Electronic 


Level Gages 


HOWARD S. ANDREW’, Esso Standard Oil Co. 


A few years ago Esso Bayway Refinery realized the 
need for centralizing remote tank gaging and control of 
all major oil movement and storage operations. The first 
step was a research program to evaluate field perform 
ance of the many types of tank-level gages on the 
market. Electronic gages were selected. Their high 
accuracy and versatility suited them to gasoline blend 
ing and tank gaging, where product movement is fast 
and where specific gravity and temperature are con 
stantly changing. Installation of automatic tank gages 
could in one stroke achieve better utilization of man 
power, provide additiona: .ankage, speed up tank inven- 
tory, and improve blending operations. Figure | shows 
some gage installations. 

The modernization of Bayway’s facilities involved, 
first, a crude oil and gasoline blending field. In the 
initial transfer of gasoline components from process 
units to storage tanks, four process streams are blended 
together through ratio flow controls. Six transfer pumps 
are manifolded for move- 
ment of stocks in and out of 


after being converted to digital data. Figure 2 shows 
the data-handling system for the tank-field control cen 
ter. A graphic panel presents as nearly as possible the 
actual physical locations of tanks, pumps, control valves, 
and manifolds. From this panel the operator starts and 
stops pumps, opens and closes valves, and continuously 
reads levels of any tank in the field. By means of tank 
selection and level controls, specific quantities of mat 
rial in any tank can be added or taken away from any 
other tank. In other words, materials can be automati 
cally blended to give a finished product by presetting the 
individual quantities of constituent materials. When 
the digital level indicators reach the predetermined set 
point the motor-operated valve in the tank line closes 

The Bayway Refinery contains about 200 tanks 
spread over an area of up to five miles from major 
process units. These tanks now have automatic tanh 
gages that cost about $250,000 plus $200,000 for in 
stallation and wiring to readout stations. If the instal 
lation simply changed manual gaging to automatic 
gaging the calculation of economic benefit 
tairly straightforward 
the way for a significant improvement in operating 
methods, The blending operations described above, fot 
instance, justified the additional cost of a more com 
prehensive and expensive scanning, logging, and flow 
computing system than would be needed f 
tank gaging alone. The installation has be 
for only about a year, but experience so far shows a 


would be 
However, these instruments pavi d 


iutomatu 
operative 
two-thirds reduction in gaging manpower. Three men 
take care of all gaging and data handling repairs; th 
ime number were needed with manual gaging 

The present installation is too complex and too new 
to evaluate at this time, but it might be worthwhile to 
detail those factors, tangible and intangible, that d 


termine its economic justification 


Tangible benefits 


Reducing manpower——Automatic tank 
in appreciable savings of time or equivalent n 


storage through two main FIG. 1. Installation of automatic tank-level gages 


feeder lines, and additive in 
jection facilities are incorpo 
rated to produce a final 
blend for transfer to ship 
ping tanks. Four shipping 
pumps direct the stocks to 
the final loading facilities 
The initial blending point 
is over a half-mile from the 
control house and in an area 
where pneumatic lines are 
not accessible. Electronic 
controllers were therefore 
selected to position electro 
hydraulic valves, which con- 
trol material flow in the 
pipelines 

Signal transmission of lev 
els, temperatures, pressures, 
and flows from the remote 
tank and blending areas to 
the control console is a 
complished by direct wiring 
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Lh iwings for a particular operation depends, ot 
ou 


ise, on the tine required for manual gaging and the 
trequency of [he following indicate 
payout CASE 


wing a typical 
Assume that a combination of automatic level gaging 
ind temperature compensating instruments can be pul 
chased and installed for about $2,000 per tank. Assume 
further that the cost of manual gaging time is $3 per 
hour. ‘I'wenty minutes is a realistic average to use as 
the time required to climb up and down a tank, gage its 
level, and obtain an average temperature. ‘The labor 
cost per gaging is $1. Suppose the tank is measured 
once each shift, or 21 times per week. ‘The annual labor 
cost is then 
$1.00 x 2] 
000/$1,09: 12 


ecover the cost of the 


$1,092 per year 
22 months, the payout time 
iutomatic gage 

lor such active tanks as blending o1 product tanks 
or pipeline booster-station tanks, two to four 
per shift is 
promise 


gagings 
i more realistic frequency, and in addition 
faster payout. Investigation of individual oper 
itions mav show that the entire cost of an automat 
installation can be justified on manpower savings alone 
or on better utilization of existing manpower 

Automatic tank gage 
eliminate vapor losses associated with hand gaging of 
cone roof tanks through a gaging hatch. For gasoline 
tanks the savings from keeping the hatch closed varie 
from 1 to 3 gallons of gasoline per gaging operation 
Actual savings depend, of course, on gaging frequency, 
but it has been estimated that they will run from $150 
per tank per year for crude tanks to $500 per tank 
per year for gasoline basestock tanks. For gasoline tanks, 
this additional payout time to 15 
months 


' 
Reducing evaporation losses 


savings reduces 


Increasing tank capacity Automatic tank gaging im 
proves control over transfers in and out of tanks by 
increasing tank capacity; 1.e., by making use of th 
tankage deliberately unused with manual gaging as a 
precautionary measure against running tanks over or 
pumping too low. ‘Thus, some additional tank capacity 
will be realized by filling to higher limits and emptying 
to lower limits 

How much additional tank utilization is realized is 
largely a matter of local conditions. The factors most 
affecting utilization are tank size, filling and emptying 
rate, and available gaging manpower. Experience shows 
that the average increase in tank utilization with auto 
matic gaging would be 3 ft on a 60-ft-high tank, o1 
5 percent. The dollar value of additional utilization can 
be calculated as shown in the table on the basis of 
what it would cost to build a tank to contain the 
additional capacity obtained with automatic tank gag 
ing. ‘This is an immediate return on investment in 
automatic gaging equipment at existing tank farms. It 
is quite true, of course, that this credit should be 
applied against long-range investment if one were build 
ing a large number of new tanks, for the additional 
utilization could eliminate the capital expenditure for 
one or more tanks. 

Reducing spillover losses—-Fast, accurate tank gaging 
can reduce the number of tank spillovers each year 
While it is difficult to predict the reduction that will 
be realized, it remains a factor that must be consid 
ered. There have been many spillovers that ran into 
many thousands of dollars 


CASE HISTORY 
+S 


Operational 
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Tank level 
control 


Tank data 
transiotor 
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Flow 

















Intangible bene fits 


Fast, accurate inventory Monthly 
fineries, but 
considerable difficulty in manually gaging all 
tanks at a specified time. Inventory errors occur because 
product is continually going in or out of one tank or 


another. An automatic system wired f 


measurement 
inventory reports are required in most 
there is 


remote trans- 
mission of readings, with receivers installed in the 
pump house or other desired location give quick, 


iccurate information at all times. Also, automatic g 


ic gag 


ing permits quicker comparisons with other measured 
quantities, such as tanker or barge load 
permits quicker turnarounds for the vessels tank 
cars, with a possible savings in demurrags 


hich in turn 


Increased relhiability—T anh 

ments obtained with an automatic 

iccurate and reliable than those obtain« nanually 
comparison of hand iutomatic gaging over ; 
two-vear period proved that in 90 percent of the cases 


I 
differences in gaging results were due t man erro! 


20 ’ 
gaging 


gaging vs 


More of these errors appear during fre weather 


] 
terminals 


severe rainstorms. Many plants and pum 
prohibit gagers from going on tanks during 
storms, though lack of tank-level measuren 
1 period could result in loss of control or actual curtail 
ment of pumping operations. The automatic 
thus has the added advantage of being able t 
in adverse weather. 


Improve d 


hghtning 


rents in such 


system 
function 


conditions—Aut 
equipment greatly reduces the hazard 
on tank roofs. The possibility of falls 
and tank stairways is minimized, and 


safety 


the gager being gassed by hydogen 
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Boosting Output with 
Punched-Card 


Control of Conveyors 


D. W. LAINCHBURY 
Lotus, Ltd. 


Punched-card control of conveyors carrying materials 
in process to work stations cut manufacturing time in 
an English shoe factory 334 percent—from nine to six 
days. ‘Lhe control, installed at a cost of $14,000 at the 
Stafford factory of Lotus, Ltd., one of Britain’s biggest 
shoe manufacturers, increased production of 
designs by 33 dozen pairs of shoes per day. 

In the shoe industry, fashion dictates the manufac 
turing program; throughout the year, between 70 and 
80 designs, each with only a limited production, are 
continually running through the plant at the same 
time. ‘The majority of these designs can be assembled 
in a predetermined sequence ot operations so that 
production can be laid out on a flow line basis. But 
20 to 25 types are specials. ‘They are assembled in 20 
to 25 separate operations which occur in an unpredict 
able order. Reverse flows of the shoes returning to an 
early stage in the assembly line are frequent. 

Since production rates of specials add up to 100 
dozen pairs a day, handling—especially of the reverse 
flows—could and did become a bottleneck: the manu- 
facturing cycle time of 25 operations was nine days 
with normal trolley-type transportation. 

The punched-card-controlled conveyors were installed 
in a “special” section in the closing room. Here's how 
they work: 

Work for assembly is placed in bags suspended from 
carriers on the conveyor (a 330-ft-long overhead unit 
which makes a U-circuit around the assembly area 
serving five rows of worktables with 80 operators). In 
each bag is a batch of one dozen pairs of uppers on 
which a cycle of 20 or more assembly operations have 
to be carried out in a predetermined sequence. 

The sequence is prepared on 40-column punched 
cards, one card for each operation. On each card are 
the shoe design number, operation description, sequenc 
number, work station where the operation is to be done, 
and the code for the conveyor routing. The cards are 
arranged in their correct sequence corresponding to the 
work operations order and are loaded in a cassette 
ittached to the work bag. 

As they move around the assembly area, the bag and 
cassette pass some 38 dropping points. At each point 
a sensing unit checks the coding of the work stations 
against that punched on the card carried by the cassette. 


pec ial 
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Lt thre pi groupings Coin ide, a Microswitch operal 
the release mechanism and the work bag is deposited in 
the operator's container alongside the workbench. (‘he 
tall of the bag is broken by a counterbalanced hinged 
flap on the container. ) 

When a container is full, another Microswitch actu 
ates a by pass circuit on the sensing unit to prevent 
discharge of more bags to the operator. Excess bag 
continue round the conveyor until the operator is ready 
to receive them. A signal is automatically dispatched 
when the last work bag is removed from the container 

When the operator has completed the work, the 
uppermost card is removed from the cassette and the 
next one advanced to the reading position. The bag 
then travels around the conveyor until it reaches the 
station determined by this next card. 

Major advantage of the punched card control ha 
been the reduction in the cycling time from nine d 
to six days. Thi represents an increase of 334 
for the output of 100 dozen pairs of shoes a day 

With an average value of $15.35 per dozen, the 
of the increase per day is $506.55. Over th 
value of increased production totals $101,310 

Using straight-line depreciation 
years) on the $14,000 total cost. Lotu 
preciation expense at $2,800 per yea expenses 
ire maimtenance costs, supply otf card ind it of 


P} 
punching machines: 
Maintenance 


> ipp! ot 


ee 


y¢ 


Rent of 


\ control earning index (Ct, Augu 
in be calculated as follows 

savings - expenses 101,310 - 2,800 

expenses 5,600 

Other advantages accrue, too: work in proce 
luced; required storage space is lessened since the work 
is constantly circulating on the conveyor system: and 
layout flexibility is increased 





onvenient Prototype Trial 


with 


MOTOR SPEED CONTROLS 


Optimum mechanical performance is best determined by testing a prototype design 
at a variety of possible operating conditions. Features inherent in Variac Motor 
Speed Controls ideally suit them to experimentation of this kind. Their great use in 
this type of work is attributable, in large part, to a very wide speed range, constant 
output torque, and the ability to start and stop heavy loads quickly 

These Speed Controls provide adjustable speed operation of d-c motors from a-c 
lines, combining the convenience of a-c power with the excellent starting character- 
istics and good regulation of d-c shunt- and compound-wound motors 

Variac Motor Speed Controls are available in several horsepower ratings: one 
fifteenth and less, one twelfth to one sixth, one quarter to one third, one half to three 
quarters with choice of compact unit construction for installation at control point or 

stripped-down design for use in original equipment. Start, stop, and reverse con- 

trols are included, as well as overload protection. Rugged selenium rectifiers are 

used, and make possible quick starting, very low maintenance, and low price. 

There are many models from which to choose, and prices start as low as 
$72.00 quantity discounts are available 

For information, write for our Variac Motor Speed Control Bulletin. 


G-R one-third horsepower Variac Motor Speed Control drives 
rollers of a readout prototype for a Burroughs high-speed com- 
puter. The effects of roller shape and roller material on accelera- 
tion of paper samples is readily determined by noting paper 
slippage at different starting speeds set by the Speed Control 
Optimum mechanical design consistent with maximum speed is 
thus arrived atin minimum time 

Versatile Variac Motor Speed Controls are used in a wide 
variety of applications. They are rugged enough to control high- 
speed grinders and drills, lathes, milling machines and punch 
presses, yet gentle enough to control centrifuges, jewelers lathes, Photo Courtesy The Burroughs Corporation Rese 
and similar light equipment 

: 1/2 and 3/4 hp 
Type 1702-A 


a . ‘ ; 
y tng A mato 1/12 te 1/6 hp is | © | $255 
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wwe ses Type 1703-A 
e $105 1/4 and 1/3 hp 
" 


= ee ent $180 _- 


Type 1701-AKW 
Stripped-Down Model 


WE SELL OIRECT 
2- Vear fice 
Warranty 


NEW YORK AREA: Tel N.Y. WOrth 4 N. J. Whitney 4 CHICAGO 
PHILADELPHIA, Te! HA k 47419 WASHINGTON, D.C 
SAN FRANCISCO: lel Wihitecti 88 LOS ANGELES 38 
in CANADA, TORONTO, Ie! CHerry f 1 
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arquardt 


PAN DVN NTO aa BD, 


POWER 
SYSTEMS 


FOR AIR AND SPACE 


Projects meeting the ever increasing needs of Advanced Power Syst« 


are currently under way at Marquardt. Here, in an environment that 

Marquardt engineers and scientists are engaged in the following 

ADVANCED PROPULSION CYCLES 

« Ramjets for cruise propulsion for hyper ° 
velocity missiles and piloted aircraft and as 
accelerating devices for Space Vehicles 
Electrical Propulsion— Plasma Jets, Ion Propulsio , 
and Magnetohydrodynamics , 

« Nuclear Ramjet . 


Evalu 


In addition, current application projects include su 
X-7 (test vehicle), Q-5, and Kingfisher. 


ms 


timulates 
diversified areas: 


EXOTIC FUELS 


ation 


onic ramjet power for Bomarc, S 


Energy, 
Compatibility and Logisti 
CONTROLS 4&4 ACCESSORIES 
Hot Gas Servo S 
Accessory power for Space ap 

Variable geometry Inlet C 
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TO ENGINEERS AND SCIENTISTS: 

Engineers capable of contributing to advances in 

the state-of-the-art and scientists who desire to do 

proof-of-the-principle research in the fields of 

propulsion systems, automatic controls, advanced test 

facilities and high temperature materials may find, 

here at Marquardt, the climate best suited 

to your interests and talents. ) ) 
May I suggest that you contact me? AIRCRAFT CO. 


VAN NUYS AND POMONA, CALIFORNIA » OGDEN, UTAH 


Roy E. Marquardt 


President 
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simple, easy conversion 
of existing equipment...with 


U.S. VARIDYNE speed control system 


You can have variable speed from your present 
equipment powered by fixed-speed AC motors! 
With U.S. Varipyne, existing AC motors are con- 
verted to variable speeds without motor modifi- 
cation... without costly power conversion to DC 
... simply by including the VAnipyYNE unit in your 
present AC circuits! This VarnipyYNE unit alters the 
frequency of the AC current fed to your motors, 
and thus proportionally alters motor speed—one 
motor or many! In multi-motor applications, motor 
speeds are automatically kept in coordination. You 
may have manual or automatic controls. 


Complete speed systems available 


For existing or planned installations, U.S. can fur 

nish VAnipyYNE controlled speed systems to meet 
your needs. Many such systems have been engi 
neered and installed. In U.S, files there probably 
already exists a sysiem easily adaptable to you 
specific application, saving you developmental 
costs. VARIDYNE motors can be furnished in Rat 

incs %4 to 50 H.P. at maximum RPM. Power 
Unirs | to 50 H.P. total connected load. Send for 
free brochure offered below. 


U.S. ELECTRICAL MOTORS INC. 


P.O. BOX 2058. LOS ANGELES 54, CALIFORNIA 


OR MILFORD. CONNECTICUT 


FREE ILLUSTRATED BROCHURE 
for complete information 


send for FREE Varidyne Bulletin 
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NEW SERVOVALVE offers jet pipe 
reliability and low leakage. 


By taking advantage of the inherent reliability of a 
jet pipe hydraulic preamplifier and, at the same time, 
maintaining low internal leakage in the null position, the 
Model 410 miniature servovalve packs a lot of perform- 
ance in a compact ]l-oz package. One of its most 
mF my 8 features is the ability to pass 200-micron par- 
ticles through both first and second stages. Its design 
also prevents false “hard over’ signals. 

The sectional drawing below the photo serves to illus- 
trate its operation. The hydraulic preamplifier, or first 
stage, acts as a frictionless high-gain push-pull force 
feedback servo to control the second stage. In the null 
position shown, a very small amount of fluid flows con- 
tinuously from the pressure cavity P, through a flexible 
pipe connected to the armature of the torque motor, 
and out the single jet. When a differential current is 
applied to the torque motor, the jet pipe moves toward 
one of the two receiver ducts, causing an unbalanced 
force on the piston. As the piston moves, a force feed- 
back spring connected to it transmits a counteracting 
force to the jet pipe. The piston comes to rest when the 
force exerted by the feedback spring balances the force 
produced by the torque motor and the jet pipe is again 
symmetrically positioned. 

The valve itself contains no filters, only a 200-micron 
screen that is easily removed for inspection or cleaning 
without disassembling the valve. ¢mmetrical torque 4 
motor design and all-welded construction hold null 4Force feedback 
shift due to temperature changes to approximately 1 ito jet pipe 
percent for each 100 deg F change. Because the second 
stage is controlled by a force feedback servo, piston dis- 
placement, and hence servovalve gain, is independent 
of oil viscosity. According to the manufacturer, the 
Model 410 has a maximum hysteresis of 2 percent and 
a resolution of 0.1 percent. This high resolution results 
from a unique white noise generated by the hydraulic 
preamplifier, which subtly dithers the sectnrd stage to 
reduce friction. With the first stage balanced in all three 


ixes against the effects of lateral accelerations and vibra- SS uN RQ peste PY 
P | 2 NYP 
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tion, the valve shows no effect on the load output from 
0 to 2,000 cps. Phase lag and amplitude ratio versus 
Amplitude frequency characteristics are virtually the same over a 
ratio wide flow range. The accompanying graph shows a typi- 
cal set of these curves. : 

Other figures on the valve include: maximum flows of 
4 to 5 gpm with a 1,000-psi drop; a flow sensitivity of 
0.6 gpm/ma; an operating pressure range * 300 to 
3,000 psi; and the low internal leakage of approximately 
0.1 gpm at 3,000 psi—Raymond Ate chley, eae Los 
10 i( Angeles, Calif. 

Frequency, cps Circle No. 200 on reply card 


Amplitude ratio 
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multiple commutation rates 


with CEC’s 
versatile PLEX 


Commutation and PDM conversion 

of signals from up to 90 transducers now 

can be accomplished by the revolutionary Type 
40-101 PLEXICODER at rates of 900, 225, or 112. 
per second. A simple field change of motor nting and gear 
plates provides three or more instrume in one. The 
PLEXICODER converts single ogfouble-ended, positive o1 
negative, low-level inputs fropYStrain gages and thermocouples 
for telemetering or magngrfc-tape recording. Galvanometers 
(with their inherent filsring characteristics) and an optical sys 
replace rotating wipér-arm assemblies and complex electronic 
circuitry. Over-aW system accuracy is 1%. Maintenance in the 


field is accompfished without return to the factory... service-frt 


life is a nomfnal 1000 hours. The PLEXICODER measures 


is designed for missile, rocket, 


systems. Call your nearest\YCEC sales and 


service office, or write fok Bulletin CEC 1599-X10 


300 North Sierra tre Villa, PasadengéCalifornia 


RECOGNIZED LEADER IN GALVANOMETERS — TELEMETRY, PRESSURE AND VIBRATION INSTR 
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NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


BI-DIRECTIONAL 


A logical scheme within this new 
electronic counter permits indication 
of true positive and negative numbers, 
with a single zero, and eliminates the 
problem of double zeros that results 
when complementary techniques 
used for negative number indicatic 
Range of the unit is plus or minus 
99999; operating rates may be as high 
is 50 ke. Each decade may be inde 
pendently preset, and the entire 
counter reset to zero by operation of 
a single contact. — Benson-Lehnet 
Corp., Los Angeles, Calif 


Circle No. 201 on reply card 


3,000 WPM PRINTER 


Called BETA, and developed under 
a U.S. Army Signal Corps contract, 
this new high-speed electrostatic tele- 
printer produces printed messages at 
the rate of 3,000 words per min. The 
recording head itself is capable of con 
siderably higher speeds (on the order 
of several hundred thousand words pet 
min), but a practical limitation is im 
posed by the dry-inking, fixing, and 
paper handling capabilities of the 
equipment. In service with the Sig- 
nal Corps, it will loaf along at just 
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ELECTROHYDRAULIC 
SERVO VALVE 





| 


A unique Kearfott approach in the design of electro-hydraulic feedback 
amplification has resulted in a reliable, high-performance miniature 
servo valve with only two moving parts. Ideally suited to missile, air- 
craft and industrial applications, this 2-stage, 4-way selector valve 
provides high frequency response and extreme reliability without the 
need for mechanical null adjustments. 

Large orifices prevent clogging and silting and high shear forces permit 
efficient operation even with highly contaminated fluids. Positional 
feedback substantially reduces flow force reactions while hydraulic 
centering of pilot position eliminates the effects of spring hysteresis 
and null shift. 

This Kearfott 6100 Series valve has inherent dither that requires no 
modification of the amplifier. Full motor power is available since the 
high ratio of available force to friction makes possible a lower threshold, 
reduces dead band, and minimizes force required for centering motor. 
Write for complete specifications and for information on the application 
of this new Kearfott valve in your own operations. 


Characteristics 


Quiescent Flow 15 gpm Supply pressure 500 to 3000 psi 
Hysteresis 3% of rated current Temperature—Fluid & Ambient ~65°F to +275°F 
Deadband 1% of rated current Flow Rate Range 0.15—8 gpm 
(Minimum current to establish flow) Weight 18 ounces 


DESIGNS AVAILABLE WITH FREQUENCY RESPONSE OUT TO 250 CPS 


Hydraulic actuator subsystems can be supplied as follows: 

. As linear or rotary actuator with or without positional feedback and 
power supply. 

. As servo valve-actuator. Feedback can be provided consisting of volt- 
age or resistance devices. 

. As actuator whose body contains first and second stages of the 6100 
servo valve with torque motor mounted on common actuator-valve 
body. Feedback devices can be supplied integral with actuator or 
mounted externally. 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiory ‘ enera! Precision Eaquioment Corporation 
Soles and Engineering Offices 178 Main Avenve fton, N. J 
Aidwest Office: 23 W. Calendar Avenue, La: Grange, Iilinois 
» Centro! Office: 6211 Denton Drive, Dalles, Texas 
West Coost Office: 253 N. Vinedo Avenue, Posodeno, California 
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Simplified schematic shows operation: Fluid 
from input port passes through screen and 
fixed orifices to chambers at ends of spool 
Passages in spool lead to two variable 
orifices at either side of center. Varying 
current in either torquemotor winding dis- 
places armature; resulting differential pres- 
sure repositions spool. This establishes new 
equilibrium among pressures in load ports 
Ll and 12, drain port P, and supply. Slide 
fork closes the variable orifices at auil. 


Write today for technical data describ- 
ing the 6100-Series Electrohydravlic 
Servo Valves. 
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NOW AVAILABLE IN FOUR VERSATILE MODELS | 


SNAP-ACTION-CON 
TACT speed gives posi 
tive actuation up to 
: - 
double-pole double neat 
throw switching ’ 
standard models 
MAGNETIC COIL is a 
SIMPLE TIME ELEMENT curately calibrated 
hermetical 4 y, uses no heaters or ther 


y 





not subject to "g oF { mal elements. Results 
fatigue Core design relay may -be ener 
permits fast reset: 25 gized continuously. It's 
of relay oper ‘ a load carrier in itself 
time. even with lon . does not require aux 


est delay period iliary tock-in circuits 


the proven Sthice-OWene time-delay relay 


ECONOMICAL Type A Relay is 
non-enclosed, offers time delay 
from %4 to 120 seconds. A low- 
cost relay with superior per- 
formance specifications. 





PLUG-IN Type H Relay adds con- 
venience of pin-type mounting, 
fits standard eight-hole sockets. 
Removable aluminum cover. 
Also made with solder-lug ter- 
minals. 


HERMETICALLY-SEALED Type F 
Relay gives complete protection 
against dirt, dust and moisture. 
Hermetic seal is permanent... 
relay never requires adjustment. 
Choice of pin-type or solder- 
lug mounting. 





PHENOLIC-ENCLOSED Type C is 
a low-cost, fully encased relay 
with D.P.D.T. switching capac- 
ity. Compact design allows easy 
mounting, is available with 
“quick-on” type contact and 
coil terminals 


New Bulletin No. 5003 includes full de- 
tails and specifications for -Silic-O-Netic 
Relays. Write for a copy. 


ELECTRIC COMPANY 
162 Plum St., Trenton 2, N. J. 
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NEW PRODUCTS 


750 words per min to be compatible 
with other Army communications 
equipment. ‘Typical commercial 
plications would be in label 
printing, digital computer output 
tems, page printers and plotters, hig 
speed strip charting, and facsimil 
Burroughs Corp., Detroit, Mich 
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NEW SPECTROMETER 
Lhe Model N-1250R 1 rding p 


trometer includes a scintillation d 
tector with lead shielding. Its chart 
drive motor, geared indirectly to a 
remote baseline potentiometer, pro 
vides a direct calibration of the 10-in 
chart in terms of energy 
Characteristics 
Energy range: 25 kev to 8 Mev (10 in.) 
Stability: 0.25 percent pe 
Linearity: better than | 
Chart speed: variable 
Background count: k 
with window oper 
—Hamner Electron 
Princeton, N. ] 
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TAPE RECORDER 


Specifically designed to record and r 
produce industrial or scientific data 
for analysis and control applications, 
the FR-100 magnetic tape recorder 
provides six tape speeds and three re 
cording modes for 14-channel, 1 in 
tape. Information can be played back 
audibly, visually on an oscilloscope, or 
mechanically by means of a pen i 
corder.—Ampex Corp., Redwood City, 


Calif. 
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DATA LOGGER 


The Datex K-120 Data Logging § 

tem, shown above, provides automati: 
digital recording of self-balancing px 

tentiometer readings at low cost. Th 
system records up to three decimal 
digits on a standard adding-machine 
tape and consists of three basic com 
ponents: a C-100A Series encoder, a 
K-120 Control Cha ind a Datex 








EDISON OMNIGUARD 
9EBIOS 
oe BOD, 
iT ie 


EDISON % eS evs 








Printed circuit construction Model 310 Edison Omniguard with Model 311 Indicator — 
increases dependability | 


a single indicator con read any number of temperature points 


THOMAS A. 


EDISON 


new mode! 310 omniguard 
temperature monitor... 
unmatched for versatility 


Highes? quality 
components, with no The new Model 310 Edison Omniguard provides the plest, most de- 
ee “eng dable temperature detection system yet devised...for both small and 
mctnhonence» fee eperaiien, ; pendable temperature detection system yet devise of th small and 
large installations 
The Omniguard system is reliable... flexible...economical. You order only 
the plug-in units needed, add new units as your monitoring needs expand 


Check these features of the new Edison Omniguard 

1. VERSATILE: One instrument can be used for both normally open and 
normally closed annunciator ...for alarm or for shutdown of equipment 

2. FLEXIBLE: Quick, inexpensive system changes and additions easy 
tie-in with any type annunciators or cut-off switches 

3. DEPENDABLE: Rugged design with highest quality components, no 
fragile moving parts 

4. SIMPLE: Single indicator reads any number of temperatures, needs no 
periodic adjustment. With a minute's briefing, anyone can operate the simple 


Easy access to all components permits quick temperature Omniguard monitoring system. 
settings and monitoring system changes - at any time 


S. LOW COST: Plug-in units can be custom-tailored to your exact require- 
ee ee ments . order additional units only when needed 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 


EDISON FACTORY OFFICES ARE LOCATED IN: EVANSTON. ILLINOIS. DALLAS. TEXAS: DAYTON. OHIO: SHERMAN OAKS. CALIFORNIA 
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The heat’s on, as withering high temperatures are applied... 
and once more G-M Servo Motors prove themselves! 


This cruel high-temperature exposure in 
electric ovens at the G-M Laboratories is 
only one part of a rigorous test series G-M 
Servo Motors must undergo—prior to use 


in rocket and missile applications. GM 
able 
At G-M, Servo Motors are proved under 


all military environmental specifications " 
a hl . . circu 
called for. They are built to withstand the 
a's ; New 
tortures of humidity, salt spray, altitude, ice” 


vibration and both high and low tempera- type 


tures. And they pass with honors. Fest 


ie | 


(iM Serve Motors 


c 


monufactured by the Components Division « 


G-M LABORATORIES INC. 


4320 N. Knox Avenue * —s 4) 
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GOOD REASONS WHY 
G-M SERVO MOTORS 
SERVE YOU BEST! 


G-M Servo Motors can be 
modified to meet specific 


standard motors for proto 


service 


Servo Motors are avail 
in standard sizes 


it requirements. 


“Stock Sample Serv- 
for quick delivery of 


use 


production—better 


ee ee eee 


Write Now 


for information, or send 
for complete G-M 

on charts and specifica- 
tions. No obligation, of 
course, 


Monroe MC-202 printer. Accuracy 1s 
within plus or minus 0.1 percent. Sys 


two readings per sec 


tem speed is 
Unit will not affect the performance, 
response, Or accuracy of the poten 
tiometers involved.—Datex Corp., 


Monrovia, Calif. 
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RESEARCH, TEST 
& DEVELOPMENT 


ACCURATE, ANALYZER 
L he M-S-A Ga I] at 


tains accuracy within 2 percent when 
measuring gas concentrations in multi 
omponent mixtures, and can be cali 
brated for any gas over cither a nat 
row (0 to 1 percent) or wide (0 to 100 
percent) range of concentratio 

the thermal conductivit' 
measurement, the unit draws 100 
watts of power and requires a 100-to 
1,000-ce-per-min sample rate. Speed 
of response is 60 sec for 90 percent of 
full-scale. Calibration is linear and 
rero drift over a 30-day period is negli 
gible.—Mine Safety Appliance Co., 
Pittsburgh, Pa 
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FOR DATA REDUCTION 


Ihe Model 52PA1010 Strip Chart 
Planimeter integrates records produced 





...beautiful ...gorgeous  ... what climb! 
—) 


WW 


... tla 


S>YVERSON 


High-flying, high-cost investments deserve protection. The best policy is 
pre-flight testing that checks out vital avionic systems on the ground... insures 
expensive ventures into space. Look to INET for the precise electrical power you 
can wheel right out on the flight line... in a single, custom-made package. 


NEXT TIME...LOOK TO INET 
FOR PROVEN RELIABILITY 


This INET unit was tailor-made for one of the 
latest Air Force Fighter-Interceptors. In seconds 
it brings to life all the avionic systems the plane 

will carry aloft. The unit provides eight power 


outputs for separately generated 1,600-cycle, — ; 
400-cycle, and DC power at closely regulated ; maiz 
voltages for power supply, instrumentation = 
checkout, and equipment testing. a 3) 


* Engineers desiring a special reprint of the above 
cartoon should write to: ‘““FLAME-OUT”’ 
c/o Inet Division of Leach 


INET DIVISION LEACH CORPORATION 


CALIFORNIA 


18435 SUSANA ROAD, COMPTON, 
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TEST EQUIPMENT ENGINEER John W. Lioyd 
tells why his work in the 8-70 weapons 
system at IBM Owego affords him the cre- 
ative engineering career he always wanted. 


Assignments now open include... 


MAGNETICS ENGINEER to design and analyze 
magnetic core circuitry for use in advanced digi- 
tal computers. Assignment entails application of 
these circuits to logical connectives and systems. 
Qualifications: B.S. or Advanced Degree in E.E. 
or Engineering Physics and 2 to 5 years’ experi- 
ence with magnetic circuitry. Must be familiar 
with fundamentals of non-linear magnetics and 
have strong interest in logical circuit application 
of magnetics. 


PACKAGING ENGINEER to undertake develop- 
ment and design of packaging techniques and 
mechanical design of electronic equipment; to 
investigate temperature effects on packaging; to 
offer design suppert to computer, radar, and 
inertial development groups; to analyze present 
and proposed packaging design and recommend 
improvements: 

Qualifications: B.S. in E.£. or M.E. and experi- 


ence or advanced knowledge in latest electronic 
packaging techniques. 


RADAR ENGINEER to analyze uitimate limits of 
present techniques and develop new concepts of 
providing topographical sensors for advanced air- 
borne and space systems; to design airborne 
radar pulse, microwave and deflection circuitry; 
to analyze doppler radar systems in order to 
determine theoretical accuracy and performance 
limitations. 

Qualifications: B.S. or Advanced Degree in E.E. 
and 3 to 5 years’ experience in radar systems 
development, including display equipment and 
circuits, control consoles, and doppler or search 
radar design. 


CIRCUIT ENGINEER to undertake advanced cir- 
cult design based on transistor-diode logic for 
digital systems; to review new cifcults for appli- 


cation in digital control systems; to define basic 
techniques for improving performance character. 
istics; to participate in advanced analytical stud- 
ies associated with application of transistor 
circuitry to pulse and digital systems 
Qualifications: B.S. or Advanced Degree in E.E. 
and 2 years’ experience with pulse circuitry 
transistor circuit design or digital techniques 


GROUND SUPPORT EQUIPMENT ENGINEER to 
assist in planning complete ground support 
equipment, including flight line, shop and depot 
equipment, for an advanced airborne weapons 
system. Must be experienced in development of 
test equipment for automatic checkout of com- 
plex weapons systems, including computers, 
radar, and inertial equipment 

Qualifications: B.S. or Advanced Degree in E.E. 
of related fields and 3 years’ experience in devel 
oping ground support equipment 





A wide variety of exciting career opportunities awaits creative 
engineers and scientists at IBM Owego in applying IBM's com- 
puter technology to integrated B-70 bombing-navigation systems. 
Test Equipment Engineer John W. Lioyd, describing his assign- 
ments at IBM Owego, says: “Test equipment engineering is par- 
ticularly stimulating when it's part of a project as new and impor- 
tant as the B-70, sometimes described as a ‘huge flying computer.’ 
Right now I'm coordinating the design of engineering support 
equipment for an advanced digital airborne computer, part of the 
B-70's bombing-navigation and missile guidance system. There's 
a minimum of routine. In order to design test equipment you 
must know—or learn—about the equipment to be tested; among 
these are radar, servo systems, digital and analog computers, and 
inertial guidance. | see my professional growth assured as IBM 
continues to develop computers for airborne applications.”’ 





IBM is a recognized leader in the computer systems field. Its 
products are used for both military and commercial work. You 
will find ground-floor opportunities for professional advancement 
at IBM Owego, where the ‘‘small-team”’ approach assures quick 
recognition of individual merit. Company benefits set standards 
for industry today, and salaries are commensurate with your 
abilities and experience. 


Ideally situated in rolling New York State countryside, Owego, in 
the Binghamton Triple City area, provides an excellent environ- 
ment for gracious, relaxed family living. Owego'’s proximity to 
both New York City and the Finger Lakes offers a pleasant variety 
of recreational opportunities. 


CAREER OPPORTUNITIES IN THESE AREAS... 
Airborne digital & analog computers 
Ground support equipment 
Inertial guidance & missile systems 
Information & network theory 
Magnetic engineering 
Maintainability engineering 
Optics 
Radar electronics & systems 
Servo-mechanism design & analysis 
Theoretical design & analysis 
Transistor circuits 


There are other openings in related fields to broaden your skills 
and knowledge. 


Qualifications: B.S., M.S. or Ph.D. in Electrical or Mechanical 
Engineering, Physics, Mathematics—and proven ability to assume 
a high degree of technical responsibility in your sphere of interest. 


FOR DETAILS, just write, outlining background and interests, to: 
Mr. P. E. Strohm, Dept. 541Z 
International Business Machines Corp. 
Owego, New York 
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NEW PRODUCTS 


on a 4-in.-wide chart. A sample change 
in a characterized cam provides either 
linear or square-root  totalization. 
Manual controls include a positioning 
knob for moving the pointer and a 
pressure controlled rheostat for regulat- 
ing the chart feed. Range of the latter 
is from 0 to 12 chart hours per min. 
Totals appear on a five-digit manual 
reset counter. Accuracy is within 1 
percent of full-scale count.—Fischer & 
Porter Co., Hatboro, Pa. 
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AUTOMATIC ANALYZERS 


Pictured is the latest in a succession 
of custom-built automatic analysis in- 
struments made by Baird & Tatlock 
(London) and distributed in this 
country by Chicago Apparatus. Called 
an Analmatic Uranium Analyzer, it 
will perform as many as 20 steps in 
analyzing complex chemical samples 
and record results in digital form. 
l'ypical functions include sample han- 
dling, reagent addition, cycle timing, 
stirring, titration, self-cleaning, and 
resetting. In a uranium processing 
plant, this model monitors some 16 
different points along the production 
stream.—Chicago Apparatus Co., Chi- 


cago, Ill. 
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PLUS... 


(209) The AN/USM-88 Circuit Ana- 
lyzer, developed by DIT-MCO, Inc., 
will check 144 circuits at a rate of 
10 per sec, under extreme environ- 
mental conditions 210) Dyna- 
metrics Corp. recently introduced a 
new primary pressure standard for 
checking pressure gages in the 0.20 to 
15.0 psi range. . 211) A new radio 
frequency voltmeter, offered by Sensi- 
tive Research Instrument Co., permits 
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Are you grumpy trying to design 
subminiature systems with oversize 
components? Here’s what the doc 
ordered —a full line of BECKMAN 
size 8 servomotors. Look at this 
storybook performance: 


These 


seven 


... torque and acceleration measure 
d f up to or surpass the best size 10's! 
V V ar S . seven models, three for operation 
at 115 volts, four at 26 volts! 
... continuous operation at stall, 
both windings fully excited, to 
ambients of 130°C; total unit 
temperature to 200°C! 
stainless steel case, shaft and 
bearings; windings encapsulated for 
environmental protection — shock 
to 100G’s, 30G’s vibration to 2,000 
cycles, exceeding MIL-E-5272A specs! 


The secret? A new design, new 
laminations — and craftsmanship, 
certainly nothing to sneeze at, these 
days. Delivery? Thirty days or less. 


Don't be bashful. We'll be happy to send 
you all the dope in Data File G-128. 


BECKMAN SIZE 8 
2-PHASE AC SERVOMOTORS 
(no-load speed 6,000 rpm) 


Length 
in, 
840 


1.165 


1.720 














a 


} 80 


Helipot Division of 
Beckman Instruments, Inc 
Fullerton, California 
Engineering representatives 


\) Beckman 
. dials . . . delay lines. . 


€ . rotating components. . 
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potentiometers. . 


in 27 cities meters. . 


CONTROL 


Helipot | 


expanded scale | 
. breadboard parts | 


NEW PRODUCTS 


ration of 
signal generators,  ele¢ 
voltmeters, and appa 
ratus 212) Industrial Instruments 
Engineering Corp. has designed a 
transistorized Lherma 
analyzer for 


stream monitoring applicati 


Circle No. 209, 210, 211, or 
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precision checking and calil 
oscillators, 


tron milar 


Bridge” gas 


impurity studi and on 


PRIMARY ELEMENTS 
& TRANSDUCERS 


DESIGN SIMPLICITY 


Using a single-clement b 
onnected to the core of 
transformer, the Model 
Uransmitter puts out 
nal proportional to diff 
ure Mechanicall 
liquid-free, the unit 
standard industrial 

to 600 in. water diff itial 
designed for use with the Ha 
versal Electronic Record The Ha 
Michigan City, Ind 
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FOR FM-FM TELEMETRY 


Called an Osciducer, this miniature 
pressure-to-frequency converter pro 
vides a simplified approach to missile 
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CONTROL is first! Now-—one step 
static control with switching reactors 


No wonder Nikita looks worried. Conrror has taken the 
strain off American industry's pocketbook by cutting the 
cost of static control. 


American engineers who want to make free use of power 
switching guided by digital logic can now take over, be 
cause ConTROL’s standard line of switching reactors give 


freedom of design and economy never before available. 


First, one-step static control with switching reactors is so 
casy to operate it can be put to work in everyday sequenc 

ing and switching problems involving either a-c or d« 
loads. Auxiliary equipment is eliminated by the basketful 

Gone are all the preamplifiers, special power supplies, 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching reactor 
does most of the job by itself. 


Second, these units, in four nominal volt-ampere ratings 
of 15, 75, 150 and 300, have no relay contacts or moving 
parts to replace. Switching is by impedance change. Install 
them and forget them—no wear, no maintenance 
Third, each Controv reactor performs all logic functions 
AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose control coils. Signal source is derived typically 
from limit switches, push buttons, or photo-cells 
Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
are handled without difficulty. 
To learn how ConrTrou reactors work, and how they'll 
fit your need for completely dependable, low-cost, ver 
satile static control, write—and see why Nikita looks wor 
ried. CONTROI , Dept CE.46, Builer, Pa. U.S. A 


Reliability begins with CONTROL. 


. 


*Expurgated translation. Heavens-to-Betsy! 
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~--now wind 19,000 times! 


] 


If you re dedicated to the cause of high resolution, you could wind 
your own pots and be sure. Allow yourself plenty of time though . 

because the secret’s in the number of turns per ine h. and the spacing 
between ‘em. Pack those turns right in there closely and accurately, 


and you might have a pot you Il be proud of | 


But if you want to eliminate all bother, but 

not the high resolution, call on Ace! We ve 

designed and built our own spec ial winding 

equipment; we use premium close tolerance 

resistance wire — and really leave no wind 

ing unturned to produce pots with the highest 

resolution in the industry All AIA sizes, all +. 
mounting styles specials and standards. So ral 
get your resolution the easy way — get ss 


Acepots! See your ACErep at once! 
Pp ) i 


Here's highest resolution in a standard sub-miniature pot The 500 
Acepot® 4” size, +0.3% independent linearity. Special prototype 
section insures prompt delivery on the Acepot® — 2” to 6” AIA sizes 


ELECTRONICS ASSOCIATES, INC. 
99 Dover Street, Somerville 44, Moss. 
SOmerset 6-5130 TMK SMVL 18) West. Union WUX 
Acepot® Acotrim® Acoset® Acoohm® *Ree. Aool. for 
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aircraft, and industrial telemetering 
The unit combines a_temperatur 
stabilized silicon transist illator 
with a variable-inductan liaphragm 
type pressure transducer Three con 


nections provide operation: a 25 vd 
supply, ground, and the output. Unit 
can be supplied for all [RIG chann ls 
Frequency deviation from center 
within 7.5 percent. Diaphr 
flush-type transduce: 

from 5 to 5,000 psi ga 
differential.—Solid Stat 

Co., Van Nuys, Calif 
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LEVEL INDICATOR 


Pictured is a new optical liqui 
indicating and control device with 
millisecond response. It uses no r 
lays or moving parts and is insensitive 
to normal shock and vibrations. Its 
operating level repeatability is within 
0.015 percent and it provides a maxi 
mum output of 10 amp.—Rever 
Corp. of America, Wallingford, Conn 
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CONTROLLERS, 
SWITCHES & RELAYS 


PULSE TIMER 


Suitable for light-duty military and 
industrial applications where space and 














1OW VOLTAGE REGULATORS 
FROM TEXAS INSTRUMENTS 
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r r - Zener Measured Zener 
characteristics! = = impedance 















You get true clipping action with TI 1N1816-series 1N1816 13 500 2 
double anode voltage regulators. A full line of regu- yore + oo : 
lators with dissipation ratings to 10 watts is available 1N1819 18 500 3 
in 5 or 10 tolerances over a 13 to 91-volt range. ae = oa : 
_ ies . 1N1822 24 250 3 
These stud-mounted silicon voltage regulators give you 1N1823 27 250 3 
ruaranteed zener impedance, —65 50°C operati 1N1824 30 230 4 
guaranteed ene} impedance, —65 to 15 C operation, 1N1825 33 150 3 
and are designed to meet or exceed strict military 1N1826 36 150 5 
( -T-1950 , requirements 1N1827 39 150 5 
MIL-T-19500A) requirements. 1N1828 43 150 . 

This new 1N1816-series provides greater design 1N1830 51 150 : 
flexibility for your shunt regulator, surge protection, 1N1831 36 150 9 
exibility for yo unt egulator surge protection shies? = = R 

operating bias, and are suppression applications. Select 1N1833 68 50 4 
from 105 types... 16 voltage ratings... 5 or 10° 1N1834 75 30 20 
‘ ‘ ‘ ; 1N1835 82 50 22 

tolerances .. . cathode-to-stud or anode-to-stud polarity. 1N1836 91 50 35 





TYPE IN1832C (62-Volt Clippers) IN181 6C IN1836C C PPEE 


Types IN1816C—INI1836C are 
specifically designed to clip, and 
exhibit true double anode character- 
istics. Each zener is held within 10‘ 
tolerance of the specified voltage. See 
“Typical Clipper Characteristics” 
curve at left. 





—100 —75 —50 —25 0 25 50 75 100 


1, ZENER CURRENT (mA) 


V, ZENER VOLTAGE — VOLTS 


TEXAS INSTRUMENTS 
INCORPORATED 


SEMICONDUCTOR-COMPONENTS DIVISION 
POST OFFICE BOX 312 ° 13500 N. CENTRAL EXPRESSWAY 
DALLAS, TEXAS 









WORLD'S LARGEST SEMICONDUCTOR PLANT 
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TRANS-SONICS 


TM, 


PLATINUM TEMPERATURE TRANSDUCERS p< 2:22 premium, this new a 


timer, featuring a self-contained power 

supply, is built for 20,000 hours of 

maintenance-free operation. Tests in 

for measurement, telemetry, and control __ dicate that accuracy is within 0.02 per 

cent for temperature between 10 and 

110 deg F. Movements can be sup 

plied for de voltages ranging from 1.5 

@ TEMPERATURES FROM ~-425 TO | 1832 F. @ PRECISION CALIBRATION to 12 volts—Hamilton Watch C 
Lancaster, Pa 
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0 


@ ACCURACIES TO 0.1 F. @® 5 VOLT OUTPUT @ HIGH RESPONSE SPEED 


: BULB TYPE for corrosive gases and liquids 

' 1300 Series transducers are available in 
ranges from 400 F to 1832, feature 
1“ accuracy, stainless-steel construction 
and a time constant of less than 2.5 sec 


onds in agitated liquid. Many standard and 
special bulb lengths are available 


1300 Series 


Type 2135 has +0.25 F accuracy and in 


terchangeability over a range of O to 

125 F. The platinum element is enclosed 
in a nickel-plated bulb, and the unit will 
withstand a working pressure of 4500 psi 


HANDLES 1.5 AMP 


OPEN TYPE for non-corrosive gases and liquids furnished in a standard. hermetically 


her 
1350 Series transducers are available in caled case, the Seri RSOL rate 
ranges from 300 F to + 600 F, with an witch features a high | 

accuracy of +1% full scale. The platinum ipacity and low diff 

sensing element comes in direct contact rate. the latter well su 


second in agitated liquid 


i with the gas or liquid being measured, re- plications requiring 
Sp 0 ” 
sulting in a typical response time of d ind “off” points 
w °C ’ . i 


Characteristics: 
Type 1321 is designed for extreme low 


1 temperature measurements, with special Maximum inductive load: 14 amp 
i calibrations to 425 F. Operating inter Ranges: 5 deg per sec to |] 000 deg 
val is 30 F in ranges up to +250 F, with pcr sec 
1% accuracy. A perforated shield pro Motor 
tects the platinum sensing element from 
1350 Series Type 1321 high flow rates 


rat or 115 vac. 4 / Cp 
Ilumphrey, Inc., San Diego, Calif 
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SURFACE TYPE for all kinds of surfaces : 
UNDER 1 INCH LONG 


: These platinum temperature transducers 
- can be installed by a variety of methods \ miniature, lightweight mercurn 
= Cement-On Type 1375 on any surface flat or curved, metallic witels ; 


catalog listing AS419A1, op 
or non-metallic. The following types are 

é erates with a differential angle of 5 to 

available in ranges from 400 F to Ty ae 
— +1850 F: Cement-On, Weld-On, Tape- : ' Th cept vom ~. a : electrical 
On, Thermopaper, Sub-Surface, and Sur oat 1¢ tiny device offers long trou 
Weld-On Type 1376 face Transferable ble-free life in applications where a 
minimum of operating energy is avail 
able and space is limited. Contact ar 
rangement is spst and either normally 








1 ; 


A five-point resistance-temperature calibration certificate at 0, 44, 42, %4, and 
full scale temperature is supplied with each transducer. Custom de signs for all 
temperature transducers are available on special order with accuracies to open or normally closed, depending 
0.1 F. Write to Trans-Sonics, Inc., Dept. 11,, Burlington, Mass. for Condensed on mounting position. Flexible insu 
Catalog on Platinum Temperature Transducers lated leads, of 27-gage wire, are 7 in 
long. Diameter of the glass envelope 

is 0.174 in. and overall length of the 

TRANS-SONICS switch is 0.930 in.—Micro Switch Diy 


of Minneapolis-Honeywell Regulator 


y _ Ih Co., Freeport, Ill. 
ansducers Circle No. 248 on reply card 
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ACTUATORS & 
FINAL CONTROL 
ELEMENTS 
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~ 
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DIGITAL MOTOR at Shell C al 


Photo above shows one of two new 


bidirectional incre tal otors that 
“hnibine the best featuses of both the | fil TELOTOR® Continuously: - 


escapement and ratchet type move 


ments. Absence of any loaded 
de oe ee tai eS ae ee faa Monitors the Process 





power requit ment 
Characteristics: 
( O e: 4 30 o 
Rotation per pul 36 or 3 deg 








Pulsing rate: 40 or 30 pps, max 
Operating voltage: 28 vde standard 
Reliability: will not fail to convert 
more than | pulse per million 





Life: over 5 million operations in each 
direction 
Electronics Div. of Curtiss-Wright 
Corp., West Caldwell, N. J 
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Copolymerization of nthetic rubber’s 


basic ingredient 1 and st\ 


rene, requires ble, 1 ible measure 
1. A Telstor 

Continuou evel ition Svstem 
monitors flash 


ling areas at 


ment, indi 


rations giant 
bain Torrance lif t plant. Nearby 


ies Dr Robertshaw eries 4 trumentation 


HYDRAULIC SWITCH ovides vel iin n, recordatior 
Operable in liquids, granular solids, 1 ye , es a 
, iscol { yowder and similar and control 
igned for hydraulic systems requit viscous fluids, powder a . : — 
ext ‘ sera media, the Telstor System consists of Endlessly eve vhere in the 
ing a pressure sensor to actuate the a bridge measuring circuit and remote process industt trouble-free Robert 
electrical apparatus, this Type 6512 meter indicator, calibrated to read shaw Capacitanc: isurement and 
witch features a broad adjustment the level or quantity of material in Control Systems are contributing toward 
range, extreme accuracy over a wid the vessel. The bridge circuit supplies 
a low value of d.c. current which also 
temperature range, and excellent vibra can be fed to a suitable recorder such “Canacita Saved WMeeewmeien® and 
tion performance. Operating pressur as the Robertshaw Series 42 Con- : a ss papers il 
ranges are 500 to 2,000 psi and 2,000 centric Scale Indicator. Write for A me ~ meme ae hoe - a 
a Aa elle. tgp ; i ? trated discu n of this importan 
to 3,500 psi The unit's spdt contacts Telstor and Series 42 Technical con 


A ~guct = Bulletins subject 
ire rated at 5 amp resistive or 2.5 amp 
inductive at 28 vde.—Consolidated 
Controls Corp., Bethel, Conn. 
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SERVOMOTOR 


Reversible operation, high torque-to scttiinn a ee ie 


inertia ratio, and good dynamic re be 
sponse are some of the features SANTA ANA FREEWAY AT RNIA 


y 
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reduction of operating expenses and in 
creased product quality. Write for 


Field Offices and Sales Representativ 





for the engineer 
who has everything 





With the same Philanthropic Genius responsible for such world-renowned 
items as Finder-Fixing Kits, micromccarthys, automation relays and 
other assorted contributions to the scientific community, Sigma now 
proudly offers a new GIFTRELAY just in time for Christmas. 


Model 1932 WPA G.R.’s are designed to please engineers, 
inventors, executives, small boys, mothers, brothers and distant cousins. 
Coil power, shock mountings and circuit connections can be forgotten; 
1932’s are above all that. Their usefulness is their ability to provide basic 
pleasures, free of psychological complications or additional investment. 
For example, you can easily carry a 1932 around in your pocket, ready 
for instant use in any conversation . . . or just to remind yourself that 
you are part of today’s World of Electronics. Or a certain Technical 
Atmosphere can be created by casually placing a 1932 on your desk, living 
room mantelpiece or bar counter—wherever you happen to be. (This 
quality will undoubtedly have immediate appeal to executives of advertising 
agencies with technical accounts.) And-for plain utility, a 1932 WPA G.R. 
with its removable base is handy for carrying pills, parking meter 
money, rare emeralds, BB gun pellets, secret messages printed on bible paper, 
truth serum and other small items of everyday usefulness. (It is not 
recommended that alcohol be placed in a 1932; it could eat the genuine 
finish; besides, it only holds 0.379 oz.) 


If you hurry, you can get a Sigma GIFTRELAY for 
that person; if you don’t hurry, you'll still probably 
be able to get one but we'll be disappointed. Send 
25 cents in hard cash or mint stamps (no rare coins 
this time, please), to L. B. Quinlan, Adv. Mgr. 
Offer closes sometime and all decisions 
of the shipping room are final. 


MODEL 1932 GIFTRELAY, 


actual size; outwardly 


similerto Sieme Series 32) SIGMA INSTRUMENTS, INC. 


inside, there ain't nuthin 


69 Pearl St., So. Braintree 85, Mass. 





AN AFFILIATE OF THE FISHER-PIERCE CO. (eines 1099)) 
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claimed for the Type 1034 airborne 

servomotor. Specifically designed for 

extreme environmental conditions, the 

unit measures 1 in. in diam by 1.103 

in. long and weighs 1.8 oz 
Characteristics: 

['ype: six-pole induction 

Rated output: 0.00159 hp 

Input: 12 to 13 watts, 70 volts, 400 

cps 

Speed: 5,300 rpm at 0.3 oz-in 

Winding: three-lead single phas« 

Irame: size 10 

Motordyne, Inc., Monrovia, Calif. 
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POWER SUPPLIES 


HYDRAULIC POWER 


(his air-cooled hydraulic power unit is 
particularly well-suited for jobs where 
water is at a premium and refrigera- 
tion too costly to maintain reasonable 
temperatures. Fans are interlocked to 
run whenever the electric motor runs 
the hydraulic pumps. For a given hy 
draulic heat load or efficiency, the fans 
will maintain a fixed temperature dif- 
ferential. Optional thermostatic con- 
trols will provide a more consistent 
temperature if required. Unit includes 
three 1l-gpm and one 3-gpm pumps, 
all driven by a single 74 hp motor.— 
Hydraulic Div., J. N. Fauver Co., Inc., 
Detroit, Mich. 
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FOR CRITICAL CONTROL 


Changes in load power factor, sup 
ply power frequency, or load have no 
effect on the operation of GE’s new 
Inductrol voltage regulators. Designed 
for industrial and military applications 
requiring critical, drift-free voltage 
control, these units are available in 
standard ratings up to 600 volts, 240 
kva, single-phase, and 600 volts, 720 
kva, Fa se Of dry-type construc- 
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GENERAL ELECTRIC ANNOUNCES FACILITIES FOR HANDLING LARGE-SCALE MILITARY 


COMPUTING, DATA PROCESSING, DATA ACQUISITION SYSTEMS, R&D PROGRAMS 


A staff of more than 200 engineers, many 
with extensive experience with military 
projects, constitutes a major part of the 


more than 1000 employees @f General | 
Electric's Computer Department in | 


Phoenix, Arizona. 


This experienced personnel, along with | 


simulating the MOBIDIC computer on a 
704. Other simulations have included 
IBM 650 Simulator, Datatron 120 Simu- 
lator, and Generalized Micro-Simulator. 

Facility operation. The Computer 


| Department will handle all aspects of 


modern manufacturing facilities, enables | 


the Computer Department to complete | 


complex military projects in such areas 
as research and development, high-speed 


data acquisition systems, and data proc- | 
essing systems. Some of the jobs already | 


underway include: 
A highly complex information han- 


| tions to wind tunnels, thermodynamic | 


dling program which wilil involve, in its | 


later phases, specific hardware require- | 


ments in the fields of advanced character 
and print readers, high density infor- 
mation storage, and high-speed data 
retrieval systems. 

A Heat Rate Computer System for 
testing aircraft structures under simu- 
lated thermal conditions induced by high 
speeds. This system is characterized by 
a high degree of accuracy and high speed. 

Computer simulation. The Computer 


Department prepared a program for | 





| 


operation and administration of a mili- 
tary computer facility. At Huntsville, 
Alabama, G-E is performing the com- 
plete digital mission for the Army Bal- 
listic Missile Agency on the Redstone 
Arsenal. 

Supplying data processing systems for 
military prime contractors for applica- 


laboratories, and other complex test 
installations. 


JET ENGINE TEST SYSTEM — 
375 TIMES FASTER 


Another significant Computer Depart- 
ment development is an Automatic High 
Speed Data Recording System for use in 
testing jet engines. To properly test a jet 


. } 
engine, 550 parameters must be recorded. | 


GENERAL GD 


Because of the difficulty of maintaining a 
constant engine speed, the readings must 
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be taken simultaneously if accuracy is to 
be attained. The G-E system records all 
550 parameters in 1.6 seconds—375 times 
faster than it would take an experienced 
test crew. 

Output of the system is delivered in a 
format suitable for direct insertion into 
a large-scale computer. Both analog and 
digital input data is accepted by the sys- 
tem. The parameters measured include: 
temperatures, air pressures, liquid pres- 
sures, thrust, fuel flows, oil flows, posi- 
tions, de voltages, time, vibration, oil 
weight, and manual entries. 


| NEW BROCHURE AVAILABLE — 
| Write today for brochure CPB-19 


describing the Computer Department's 


| facilities for handling military projects. 
General Electric Company, Computer 
| Department, Dept. 19, 1103 N. 


Central 
Ave., Phoenix, Arizona. 


Progress /s Our Most Important Product 
ELECTRIC 





CRIMPED CONTACT 














REPLACE 








Ty) POKLHOME contacts* 


AMPHENOL connectors with Poke Home contacts provide the electronics 


industry with a new and realistic answer to the problems of wire termina 
tion. Contacts, shipped separately from the connector, are crimped to their 
individual wire leads and then “poked home” into the insert, Each can be 


easily removed and replaced in case of circuit change. 


Crimping of the contacts provides increased reliability through elimina 
tion of soldering. It permits inspection of each termination before insertior 
And, mechanically and electrically, the millionth crimped termination is 


consistent with the first. 


A Poke Home contact connector thus consists of individual circuits which 
may be strung through bulkheads or branched from different electrica 
sources and are quickly adaptable to any wiring change. Fewer manu 
facturing breaks in circuitry are assured; the number of steps in wii: 
termination are reduced; the need for “J-boxes”, terminal strips and other 
accessory components is similarly reduced. 

° 


CONCEPT COVEREO OY U.S, PATENT 2,419,018 


Send for full information on ampnHENOL connectors with Poke Home contacts! 


AMPHENOL] 
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tion, and operating on the stepless in 
duction principle, they introduce no 
harmful waveform distortion.—General 
Electric Co., Pittsfield, Mass 
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BATTERY POWERED 


Pictured is one of a 

power supplies, called 

signed to supply de or ac power wher 
none exists or for emergencies during 
power failure. ‘The Model P14- 
now in production, will furnish up to 
200 watts of 110 volts, 60-cycle, singl 
phase power for eight hours or mor 
Ac or de can also be used for recharg 
ing. The unit will also provide 12 vac 
for extended periods. For casy han 
dling, it separates into two identical 
units. Conventional or transistorized 
circuits are available.—Francis Bros., 
lustin, Calif. 
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STEPLESS OUTPUT 


‘The Model KMS87, an aircraft batter 

substitute, uses metalic rectifiers to 

provide a stepless controllable output 

of 0 to 32 vde with a continuous duty 

load of 20 amp. Panel controls in 

| clude a power switch, voltage control 

| knob, pilot light, line and load fuses, 
and output binding posts 
Characteristics: 

Ripple: within 0.5 percent, full range 





Newest 


HONEYWELL MINIATURE RATE GYROS 


Rugged enough to withstand 100 G shock 


Typical M Series Gyro undergoes 20 G Lineor Vibro 


tion Test with no deterioration of performance. 


Sensitive enough to detect 0.005° per second 


Model M.1! 


shown actual size 








DESCRIPTIVE DATA 


FULL SCALE RANGE: to 400 degrees per second 
THRESHOLD-RESOLUTION: 0.005 degrees per second 
LINEARITY: 0.1 % to 2% depending on range 
DAMPING: 2 to 1} (or better) 
TEMPERATURE RANGE 65 to 200 and 250 F 
SHOCK AND ACCELERATION: 100 G 


VIBRATION: 20 G te 2000 cps 


PICKOFF: Variable Reluctance type providing infinite 


resolution and high signal-to-noise ratio 


MOTOR EXCITATION: 26 volts, 400 cps (standard) 
2 phase and 3 phase 


SIZE: | diameter, 2% long 


WEIGHT: 4.5 ounces 
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Honeywell's newest miniature rate gyros, Type M Series, 
are rugged enough to withstand repeated shocks and linear ac- 
celerations up to 100 G yet sensitive enough to detect turn rates 
of only 0.005 degrees per second. A damping ratio variation of 
2 to | or better is maintained without heaters by a unique fluid 
damped, temperature compensated system that assures reliable 
operation over the entire operating temperature range. 


Type M Series Gyros are specifically designed for autopilot 
damping, radar antenna stabilization and fire control applications. 
Their small size, high performance and ruggedness suit them 
particularly for high performance military aircraft and guided 
missile applications. Write for Bulletin M to Minneapolis-Honey- 
well, Boston Division, Dept. 34, 40 Life Street, Boston 35, Mass. 


Honeywell 
HH) Mitton Products. Group 


DECEMBER 1958 
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Voltage regulation: within 12 percent 
at 32 volts 
Dimensions: 22 by 104 by 12 in 
Weight: 65 Ib 
Opad Electric Co., New York 
Circle No. 225 on reply card 


HIGH RESOLUTION 


Another transistorized, voltage-regu 


lated supply, the SC-32-5, offers 10 
turn voltage control and boasts a reso 
lution of within 0.005 percent. Ripple 
is less than 1 mv rms and recovery time 
below 50 wsec. Design permits con 
bull tinuous variation of the output voltage 
tan oh without switching, continuous opera 
0 3000 c ® b “ay tion into a short circuit, positi ¢ ot 
ver ompanies uy “ae negative grounding, and square-wave 
- ** KS pulsed loading. Unit operates on 105 

CHARTS from Technical! FRG 9) 125 wots, 50-65 cps power input 
: td Kepco Laboratories, Inc., Flushing 
DO You? u 

. 
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COMPONENTS 
Saves your time... | AND 
Holds down costs | ACCESSORIES 


Obvious economies result from 
‘single source” purchasing of all 
recording charts. Why write a 
dozen purchase orders to different 
suppliers when one to Technical 
does the job? Fewer headaches, 
too, in “following through.” 


ACCEPTANCE by America’s leading industrial firms 


attests to Technical’s fine quality — achieved through years of Qo , , 4 
specialization in one product X 
- 


Serving America’s ; : —_— — 
“Blue Chip” ere © FOR HIGH-SPEED LOGIC 
Called a Magnistor, this new solid 





state magnetic component suits such 


(HN [ digital applications as sorting and col 
lation, coincid e detection, parity 
4 Av SALES C0 R PORATIO N rs king ak digital crv spat 


js Me It operates on the general principle of 
16599 Meyers Road Detroit 35, Michigan 


the magnetic amplifier, but, by virtue 
National Representatiues for of a 10 Me signal source, has much 
greater speed of response and can be 
made in a much smaller package. Just 
1 in. in diam, the Magnistor consist 
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When your project calls for 


SMALLEST PACKAGING 
LIGHTEST WEIGHT 
TIGHTEST COUPLING 
LOWEST PHASE SHIFT 
LOWEST NULLS 


HIGHEST Accu RACY 


i | as rR SE 4 








PRIMARY RESISTANCE IMPEDENCE 
~~ ———_ ~ an 
input input inpet Ovtpet Phase S ACCURACY 


SYNCHRO CPPC Voltage Current Power Voltage Sensitivity Shift Roter Stater re Tse 
FUNCTION TYPE (400~) (Amps.) (Watts) (Volts) (MV deg.)(deg. lead) (Ohms) (Ohms) (Ohms) (Ohms) (Ohms 











To que Transmi tter COC 8A] 26 “4 118 206 as 7 12 344+j260 124/45 8+ 


Contr of Tran former ~_ Crea 11s ? 21 23.5 411 b 143 24 210 + j690 28+j114 2504 
_ —__ 
__Controt Tran mer TCS 118 ? 22.5 393 a5 64 4704 j1770 814j330 590 + j1% 
—__—+ 








Torque Receiver CRO-B-A-1 2 1 is 





85 ? 12 $44+/260 124)45 80+ 





eta Se 


20 2 27 2704+ (630 394j142 3404/67 


Electric Olver 1 2 ‘ 10.8 





= ntro’ | Differential COC-8-A-1 





S 24 38 + j122 2+jll4 474j13 
as 4+j260 194/60 804/20 














206 
189 
CSC 8A4 2 26 4s 20 170 270 + (630 250 + (830 3404 67 
204 
206 


Vector Resolver VWE-BA-1 


ACTUAL SIZE 


CLIFTON PRECISION PRODUCTS CO., m. ~a Heights, Pa. 
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VIBRATING 
CAPACITOR 


A vibrating-reed type 
capacitance modulator 
for use in measuring 
currents as low as 
10~'* amperes. 


Long term stability for 
process control. Drift 
+0.2 millivolts per 
day, non-cumulative. 


Write for 
Catalog 523. 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 


S/A-15 
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of four separate coils (set, reset, inter- 
rogate, and signal output) wound ona 
special core structure containing both 
high-retentive ferrite and high-per- 
meability, low-retentive ferrite. It op- 
erates like the half adder (less carry) 
used in digital computers.—Potter In 
strument Co., Inc., Plainview, N. Y. 
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OPERATE AT 315 DEG C 


The E-315 family of high-temperature 

capacitors, examples of which at 

shown above, features no voltage d 

rating, low capacitan ind power 

factor variation, | environmental 

resistance, hermeti iling, and 
] 


rugged construction of nonstrategi 
materials. Operating temperatures may 
range from minus 55 to plus 315 deg 
Cc. Capacitance ir ivailable from 
0.05 to 4.0 pf at 600 vde.—Scintilla 
Div. of Bendix Aviation Corp., Sidney 
N. Y. 
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COMPACT COOLER 


The Type 100 cooling system uses 
a special, two-stage, piston-type com- 
pressor for cooling the detection cells 
of infrared search systems. It is ap 
plicable to either airborne or ground 
installations. Capable of producing 
cell temperatures as low as minus 70 
deg C, the system measures 10 in. 
by 14 in. by 10 in., requires a 200- 
volt, 400-cycle, three-phase supply, 
and has an operating range to 85 
deg F and 5,000 ft altitude.—Eastern 
Industries, Inc., Hamden, Conn. 
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work in the fields of the future at NAA 


TEST 
EQUIPMENT 
ENGINEERS 


If you've been looking for an 
opportunity to explore new 
engineering territory, the 
positions now open in our 
electronics test equipment 
group may be right down 


your alley. 


We need engineers to do 
research and de velopme nt 
based on an entirely new ele 
tronics test equipment philos 
ophy. Briefly, the job involves 
design of test equipment and 
analysis of electronics designs 
submitted by vendors and 
subcontractors. This is one 
phase of our work on 
advanced weapon systems 
B-70 and F-108 


\ BSEE, plus experience, can 


qualify you. 


For more information please 
write to: Mr. K. M. Stevenson, 
Engineering Personnel, 
North American Aviation, 
Inc., Los Angeles 15, Calif. 


THE LOS ANGELES DIVISION OF 


NORTH VA. es 
AMERICAN 
AVIATION, INC. 











For easily-instalied, 
dependable voitage regulation 
use Sola 


FIVE constant voltage transformer types answer most stabilizing needs 


: } 
. + ass . Tr ¢ i: ) requipme rewe - 
Sola Constant Voltage Plate-Filament Trans- problem of assuring proper operation of equipment, regard 


formers replace ordinary, non-regulating power less of varying supply voltages met in actual field use 


supply transformers and simplify conventional One, simple, compact transformer regulates plate and 


regulating circuitry. B & W Associates, for ex- filament voltages within +3% for input voltage variations 


ample, build in a Sola as the power supply transformer in between 100 and 130v. Other features: Isolation of input 
their “Lie Detector” apparatus, as pictured above. B & W_ and output no tubes response time of 1.5 cycles o1 


has found it to be a compact, economical solution to the less no maintenance 


Filament*: Regulation +1°° with input Harmonic-Free*: Output voltage w 
voltage fluctuations up to +15 thi has less than 3% total rms harn 
6.3v output for large numbers of content other features identi 
electron tubes current-limiting | with Standard Type auton 
action minimizes cold inrush cur- ah) continuous regulation for re¢ 
rents, also protects against damage fiers and other loads sensitive t 
from load faults 75-80% efficiency harmonics low external field 


a 


Standard*: Constant Voltage Trans Adjustable, Harmonic-Free: Provides 
formers for electrical and electronix Ms output adjustable from 0-130 volt 
equipment regulation +1% also fixed 115 volts ac regulat 
response within 1.5 cycles static- - within +1% with less than 3 
magnetic stabilize: no tubes, mov- i rms-harmonic content portable f 
ing parts or manual adjustments lab or shop bench use, or m« 
limits current on load faults ~ on 19” relay rack 


Available from stock or custom-designed For complete data write for Bulletin 26L-CV-170 


anada) itd 


Sola Electric Co., 4633 W. 16th St., Chicag 0, il op 2-1414 e Offices in principal ties @ In Canada. Sola Electr Cc 


Bit) dated SE 


ae 


OF BASIC PRODUCTS co 
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Available now from Dymec! A complete array of versatile 


“ BUILDING-BLOCK"”’ 
for Digital 


Here is a practical approach that gives you, at no sacrifice 
in quality, a custom digital system at uniquely low cost. 


The Dymec instruments shown here are specialized. Yet they are compatible, 
permitting a fully integrated system. Many can be used directly with printers, card 
punches, tape perforators and standard input/output equipment of other manufacturers. 
Dymec instruments are quantity-produced for obvious economies to you. 
Yet they are of finest quality, meeting the most rigid laboratory standards. 


Many different systems can be assembled from these and other standard Dymec 
instruments. Dymec offers the instruments separately, as sub-systerns, 
or as completely engineered, ready-to-use systems. 


For specific information, call the Dymec engineering representative listed at right, or write direct. 


DY-2500 COMPUTING DIGITAL INDICATOR, 
variable gate time electronic counter permit- 
ting normalized direct reading with minimum 
controls, automatic setability. Measures fre- 
quency, period. Displays degrees/hr, gpm, 
RPM, etc.; also shows ratios of unlike vari- 
ables. $1,330.00 to $1,425.00. 


DY-2507 DUAL PRESET COUNTER, multi-pur- 
pose precision counter producing an output 
signal when either of two preset numbers is 
reached. Instrument is ideal for industrial 
control, sorting, packing, Go/No Go testing; 


control of coil winding, machine limits. 
$700.00 to $895.00. 


DY-2210 VOLTAGE TO FREQUENCY CONVERTER 
AND INTEGRATOR provides precision de volt- 
age measurements and integration with elec- 
tronic counters. Multiple input ranges, either 
polarity. Output frequency 9 cps to 10 KC. 
AC and remote models available. $650.00. 


DY-2504A PHOTOELECTRIC TACHOMETER 
measures shaft speeds, revolutions, position 
from 0 to 10,000 RPM. Six models offering 
60, 100, 120, 180, 200 or 360 pulses/revo- 
lution. High resolution, low torque. $250.00. 


DY-2530 BINARY /DECIMAL REGISTER. Univer- 
sal output coupler connecting electronic 
counters to digital displays, comparators, 
printers, computers. Stores parallel binary- 
coded-decimal information in multi-contact 
relays. 10 models, dual or single output, 3 to 
7 registers. $565.00 to $1,230.00. 


DY-2533 DIGITAL DISPLAYS. Luminous, one- 
line indicator panels visually presenting mul- 
ti-digit numeric data. Clear, high contrast, 
easy-to-read numerals. Five models, 3 to 7 
digits. $140.00 to $300.00. 
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For further information 


INSTRUMENTS on Dymec instruments 


Or systems, contact: 


Data Systems 


Albuquerque, Neely Enterprises, 107 Washing 
ton St., S. E., Al 5.5586. Asbury Park, N. J., 
l. E. Robinson Co., 905 Main St., KE 1-3150 
Atlanta, Bivins & Caldwe nc., 3133 Maple 


DY-2538 PROGRAMMED DIG- Drive, N. E., CE 3-7522. Baltimore, Horman As- 
ITAL COMPARATOR. Unique, sociates, Inc., 3006 W. Cold Spring Lane, MO 
error-free comparison, no drift 4-8345. Bridgeport, Conn., Yewe 
or calibration; visual and elec- 
trical output; use with Go/No 


Associates, Inc., 
1101 East Main St., FO 6.3456. Burlington, Mass., 
Yewel!l Associates, Ir Middlesex Turnpike, BR 
Go systems. Preset high and 2.9000. Camp Hill, Pa., |. E. Robinson Co., 2120 
low tolerance limits selected Market St., RE 7-6791. Chicago, Crossley Asso- 
electrically. Also manual-selec- 97) 


, ciates, Inc., 2711 W. Howard St., SH 3-8500. Cleve- 
tion models. $950.00. land, S. Sterling Co., 5827 Mayfield Rd., HI 2-8080 


Dallas, Ear! Lipscomb Ass P. ©. Box 7084, FL 

7.1881 and ED 2.6667. Dayton, Crossley Associ- 

ates, Inc., 2801 Far Hills Ave., AX 9-3594. Denver, 
DY-2540 SCANNER COUPLER Lahana & Co., 1886 S. Broadway, PE 3-3791. De- 
transfers electronic counter troit, S. Sterling Cc W. McNichols Rd., 
data to serial entry machines BR 3-2900. Englewood, N. J., R. M. C. Associates, 
such as tape perforators, elec- 391 Grand Ave., LO 7-3933. Fort Myers, Fla., Ar- 
tric typewriters. Multiple inputs, thur Lynch & Ass W. North Shore Ave.. WY 
multiple outputs. Also high- 5-2151. High Point, N. C., Bivins & Caldwell, Inc., 
speed model, DY-2542, for 923 N. Main St., Tel. 2-6873. Houston, Earl Lips 
rates to 80 characters/second. comb Assoc., P. O. Box é MO 7-2407. Hunts- 
DY-2540, $890.00. ville, Ala., Bivins & Caldwell, Inc., JE 2-5733 


diar.apolis, Crossley Associates, Inc., 5420 No 


In- 


College Ave., CL 1-9255. Kansas City, Mo., Har 
ris-Hanson Co., 7916 Paseo Bivd., H! 4-9494. Las 
Cruces, N. M., Neely Ente ses, 126 S. Water 
DY-2512 CARD PUNCH COUPLER St., JA 6-2486. Los Angeles, t 
permits direct entry of counter 29 
information onto punched 
cards, eliminating manual key 
punch. Operates unattended. 
Readily connects Dymec or -hp- 
counters to IBM 523 Summary 
Card Punch. $1,890.00. 


Jeely Enterprises, 
Lankershim Bivd North H ywood, Collif., 
New York, Rk. M Associates, 236 E 

TR 9-2023. Phoenix, Neely Enterprises 

E. Misson R 4.543]. Pittsburgh, S. Sterling 

Co., 4024 Clairton Bivd., TU 4-5515. Portland, 
Ore., ARVA, 1238 N. W CA 7-1281. Roch- 
ester, N. Y., Edward A & Assoc., 830 
nden Ave., LU 6-4940. Rockville, Md., Horman 
Associates, Inc., 941 R Ave., HA 7-7560. Sac- 


ramento, Calif., Neely Ente es, 1317 - 15th St 


- DY-2513 COUNTER SCANNER. 

Yeh ERD a | Gathers multiple electronic 
a : rt counter data for printing on a 
single digital recorder. Simpli- 

fies simultaneous data meas- 


Tory rt. surements. For all Dymec or -hp- ad om oti 
~vile (@! @(e( ee °* | counters. $1,750.00. 


Raymond Ave... M Syracuse, Edward A 


G! 2-8901. San Carlos, Calif., Neely Enterprises 
1.2626. San Diego, Neely Enter 
after Street, AC 3-8106. Seattle, 


AT 4-7337. St. Louis, 


Ossmann & Ass 234 ames St HE 7-8446, 
Data subject to change without Toronto, Ontario, Atlas ment Corp., Ltd., 50 
notice. Prices f.0.b. factory. Wingold Ave., RI 174. Tucson, Neely Enter 
prises, 232 So. Tucson Blvd., MA 3-2564. Upper 
Darby, Pa., |. E. Robin: »., 7404 W. Chester 
Pike, SH 8-1294. Vancouver, B. C., Atlos instru 
N | C ment Corp., Ltd., 106-525 Seymour St., MU 3-5848 
DY EC, l N e Vestal, N. Y., Edward A. Ossmann & Assoc., P. O 
DYMEC H#INC. Electronic Instrumentation Systems Box 92, EN 5.0296. Winnipeg, Manitoba, Atlas 
Instrument Corp., Ltd., 72 P St., WH 3-8707 
(formerly Dynac, Inc.) . wae ; 


395 Page Mill Road + Palo Alto, California » DAvenport 6-1755 
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General Electric Semiconductor News 
New controlled rectifier does 


Maximum Allowable Ratings and Characteristics 


et (Resistive or In 





ZI39A Zj39A Zi39A 
40 $ 50 200 250 | 300 





Continuous Peak Inverse Voltage (PIV) 40 
Transient Peak Inverse Voltage (Non- 
recurrent > 5 millisec) 60 
RMS Voltage (Vrms) 17.5 28 
Average Forward Current (I) Up to 16 amperes 
Peak One-cycle Surge Current (i surge) 150 amperes 
Minimum Forward Breakover Voltage (Vso) 25 | 40 1 75 
Maximum Forward Voltage (Vr Ave.) 0.75 Volts (Full Cycle Average) 
Maximum Reverse Current (In) 5 ma (Full Cycle Average) 
Maximum Gate Current To Fire (lar) 25 ma 

Maximum Gate Voltage To Fire (Var) 3 Volts 


200 























Finer performance of G-E low-current silicon rectifiers 
now within reach for all your requirements 





The time has come to recor ler po ble ap 
MAXIMUM RATINGS AND SPECIFICATIONS licat ‘CE ; 
plications o “7 outstanding ow-curren 
silicon rectifiers in the 1N536. IN440 Series 
0-C o-¢ One- Fuli-Load , 
Cont. | Output] Output cycle Ferward Ambient (150°C line) the IN1487 Ser 
RMS |Reverse| (150°C Surge Voltage | Leckage | Operating , 
VoltageiD-C Vol Amb.) Current Drop Current Yeon 





line) ... and four recently added 


the 100°C irea. the new IN1692 


You'll find these de es more attractive to 
1N536-40, 50-600] 35-420] 50-600/250 750 0 J \ , | 
1N1095-96 series use than eve belore bot n quality ind 





price with equally fine i n low i 
1N4408-445B series 100-600] 70-420] 100-600 | 300-500 1300-750 " 
(100°C) rent silicon stacks. St 
also available 
1N1487-92 series 100-600] 70-420] 100.600 [250 750 . 
(125°C) 1(25°C) General Electric low-curt licon recti 


hers are designe d for maximu forward con 





1N1692-95 series 100-400] 70-280] 100-400}250 600 5 
(100°C) N50°C) ductance at high operating temperatures 


























Hig urrent loads are carried without ev 
volts volts | volts | ma moa ligh « - 
ternal heat nk Reverse rrent at ma 
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Since its recent introduction, the miniature silicon controlled 
The ZJ39A Silicon Controlled 


Rectifier can do the job of rectifier has opened up many new circuit possibilities, a few 


of which are shown at the left. 

Neither a transistor nor a rectifier, this remarkable device 
combines features of both. In the reverse direction it acts 
like a standard rectifier. But it also blocks forward current 
until either a critical breakover voltage is exceeded or a 
signal is applied to the third lead. Then it switches to a con- 
ducting state and performs exactly like a forward-biased 
silicon rectifier. 

The controlled rectifier offers the circuit designer current 


ratings comparable to thyratrons, blocking voltages useful 


in industrial circuits, complete control of current turn-on 
.+.and many others without complicated circuitry, and switching speeds in 
microseconds. 

While in many ways similar to the gas thyratron, the con- 
trolled rectifier provides faster firing and recovery times, 
very low forward voltage drop, higher eth lene V; absence e of 
filament with attendant warm-up delay and power consump- 


tion, and higher-temperature operation. 





Check the sample ratings and suggested applications at 


left. Application data and specifications will be sent on request. 








a= eae ae For tast delivery, lower prices, 
see your local G-E distributor! 





A recent check shows that General Electric transistors and rectifiers 
mum junction temperature is mat ' » 
are bei sold by local tube distributors for within pennies ol the 


extremely low level, making these device : 
factory price on quantities less than one hundred—with the impor- 


low-leakage applications : 
tant difference that transportation charges are prepaid when you 


Minimum forward voltage drop and a hermet 
buy from your local G-E distributor. 


cally sealed case have produced silicon rectifier 
whose reliability exceeds all existing MII , Inere ised stocking ot semiconductors by local G-I distributors 
A comparative evaluation shows that G-E device means you now have one source for all your electronic needs General 
hows na Rok oes pesictente te thermal sunewer at Electric distributors can also furnish you with a wide variety of 
maximum fell lead operating temperatures. Thes technical information, application data and spec sheets. 
mal chock and temnerature-cycie tests show @ cloees General Electric Company, Semiconductor Products Department, 
match of materials for expansion and contraction, Section 516128, Electronics Park, Syracuse, N. Y. 
to protect against breaking the hermetic seal and 
shattering the silicon pellet. 

Ask your G-E semiconductor representative for G E N © a A L F LE C T 4 | C 
the “big news” on low-current silicon rectifiers. O 


write for more informatior 
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RELIABILITY... 
THE SOLUTION 
em fe) 8) :; 
jhe te) ile 
COMPONENT 
PROBLEMS 





Designing reliability into 
electronic components and 
instrumentation is Borg 
Equipment Division’s business. 
Borg’s reliable engineering, 
research and production 
facilities are at your service 
for commercial or military 
projects. Bring your component 
reliability problems to Borg 
You'll enjoy working with 
our cooperative, creative 

The result 
will be a sound, practical 
and reliable sc!ution at 

a considerable saving of time 
and money. Here are just 

a few of the products 


engineering staff. 


manufactured by Borg... 


FREQUENCY STANDARDS 
AIRCRAFT INSTRUMENTS 
POTENTIOMETERS 
MULTI-TURN COUNTING DIALS 
FRACTIONAL H. P. MOTORS 


SPECIAL DESIGNS 


WRITE FOR COMPLETE ENGINEERING DATA 


Y tobe 


BORG EQUIPMENT DIVISION 
The George W. Borg Corporation 
JANESVILLE, WISCONSIN 
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WHAT’S NEW 


of products: small, precision measuring 
and indicating panel meters. The 
addition, effected through an acquisi 
tion, brought into the Honeywell 
family the active Marion Electrical 
Instrument Co. of Manchester, N. H. 
Roscoe A. Ammon will continue as 
president of the New England com- 
pany, and there will be no change in 
administration, sales, or production. 
I'ransfer to Honeywell was via an 
exchange of stock. 


IBM Cautions on 
‘Nonrecurring’ Entries 


In its nine-months report to its 
stockholders, IBM urges that they 
consider well the fact that $15,615,- 
035 in net income after taxes is “‘non- 
recurring”. Then, says IBM, it will be 
seen that “the nine months’ earnings 
for 1958 are not directly comparable 
with earnings for the same period of 
1957, and do not represent an ac- 
celerated growth rate for the corpora 
tion’, 

By nonrecurring income, IBM 
means income from the outright sale 
to customers of machines previously 
leased by them. This income will not 
“recur” as rent on future statements 
The $15,615,035 is impressive, com- 
pared to the $3,458,009 earned the 
same way in the first nine months of 
1957; but it makes up more than half 
the increase in total net income after 
taxes for the 1958 period. ‘The figures: 
net income after taxes for the first nine 
months of 1957: $62,385,591; that for 
the first nine months of 1958: $91, 
453,043; increase: $29,067,452 

The fact is, says IBM, that “‘the re 
duced rate of incoming orders for the 
companys major line of products 
caused by the lessening of business ac 
tivity in the United States has con 
tinued during the third quarter.” 


Hewlett-Packard Buys 
80% of F. L. Moseley Co. 


The addition of three Hewlett 
Packard men to its board and the 
acquisition by Hewlett-Packard of 80 
percent of its outstanding stock have 
changed the corporate structure, but 
not the independent status, of F. I 
Moseley Co. The compatibility of 
H-P’s electronic measuring instru 
ments and Moseley’s recorders and 
associated electronic instruments is 
expected to make for close cooperation 
in R&D and product line develop- 


ment. Moseley stays on as president, 


Continued from page 44 


Noel 


yom 


Hewlett 


Buttner 


and H-P’s William R 
FE. Porter, and Harold 
him on the board 


Sanborn Invites the Public 
To Buy Its Common Stock 


For the first time since it wa 
formed in 1917 by the late rank B 
Sanborn, Sanborn Co. of Waltham, 
Mass., has offered its stock 
to the public. The which 
took place in the middle of October, 
involved 100,000 hares priced at $l 
per share, plus an additional 18,530 
shares exchangeable on 


common 


offering, 


two-for-on 
basis for 9,265 shares of ¢ 
ferred stock of $25 par value. Par 
value of the 118,530 
mon stock is $1] 


perc nt pre 


shares of com 


With a 
hope ; 


behind it and 
brightening, Control Data 
(CtE, Nov., p. 168) has re 

quested stockholders to authorize an 
issue of 40,000 shares of $25 par value 
preferred stock. The first 14,000 share 

of this stock will be Allstate 
Insurance Co. at par for a total of 
$350,000 


slow vear 


Corp 


issued to 


Systron Corp. of Con 
encountered an oversub 
about 50 percent in a recent 
of 24,475 shares of common 
$12.25 per share. ‘The company | 
yet two years old. President G. H 
Bruns Jr. explained that the 
capitalization realized’ by the 
was necessitated by an un 


high increase in sales volum 


idditional 
oftering 


xpectedh 


Just Getting Started in the 
Field? Here’s Good News 


Toward the end of last month, the 
government’s Small Busine Adminis 
tration began issuing applications to 
individuals who want to incor 
is small 
panies. 


porate 

business investment 
Object of these inve 
companies is to furnish financial assist 
ance to small businesses with growth 
potential. Because a small company 
with growth potential is nine times 
out of ten one that is in or bordering 
on the control field, the imminent en 
try of SBI's in such metropolitan areas 
is New York, Atlanta, Dallas, and 
Minneapolis is of great significance to 
this field. 

SBI’s will in many sub 
sidiaries of banks or other lending in 
stitutions. They will function by pur- 
chasing of tho 


Coll- 


tment 


cases be 


securities 


mpani 
i 





that seek assistance and then respond- GIVE AN ENGINEER 


ing with loans; or by offering consult- 
ing services on a fee basis. In general, | 
they will make loans of $25,000 to 
$50,000, and in some cases up to THE MOTOR ME 
$100,000, to companies that are too 
mall to use the public securities mat 
ket. That is, to those potentially im 
portant companies that look like too 
much of a risk to most lending o1 
ganizations to be entrusted with a 
long-term loan at nonprohibitive in 
terest rate 

More about SBI’s can be found in 
the government booklet, How to Ob 
tain Financing Under the Small Bus: 
ness Investment Act of 1958, price 15 
cents. This 31-page publication, pre 
pared under the auspices of the Select 
Committee on Small Businesses of the 
House of Representatives and available 
from the government -printing office, 
Washington, D. C., tells, in question 
and answer form, such things as how 
SBI’s are formed and financed, and 
how subscribers can obtain long-term 


loans and equity capital SUB-FRACTIONAL 
New Companies in the Field HORSEPOWER 


Narda Hydraulics Corp., to spc 


cialize in the design, manufacture, and MOTORS 


marketing of hydraulic components 
and test equipment for the aircraft, 
automotive, oil, and machine tool in BUILT BY 


dustries as a subsidiary of The Narda 


Microwave Corp.—in Mineola, N \ 
Louis B. Haberman, formerly general | 


manager of Consolidated Diesel Elec- 

tric Corp.’s Test Equipment Div., 

comes in as vice-president and gen ; Ave 

eral manager of the new company. Why restrict yourself to marginal reliability? 
United Research Corp., a research 

subsidiary of United Aircraft Corp og . 

in Menlo Park. Calif. First undertak needed in your precision equipment for longer life 


Borg sub-fractional horsepower motors supply the quality 


ing of the new unit will be a study of and continued high-level performance 

idvanced propellants for missiles and 

space craft, which it will conduct in Borg-Motors are available in various models from 
cooperation with Stanford Research 
Institute. Donald L. Putt, formerly 
Air Force deputy chief of staff for re- and induction types . with or without gear trains 
search, has been named president of 
United Research and assistant director 
of research for the parent United Air 


craft. He will have headquarters at fea a 
Menlo Park closed circuit industrial television installations 


1/2000 to 1/750 horsepower . . . in synchronous 


They are totally enclosed in precision machined housing 


Borg-Motors have excellent performance records on 


Di-An Controls, Inc., organized by | medical equipment, recorders, timing devices 
former employees of the Advanced Re 
search Laboratery of Mack Trucks’ 
Electronics Div.—in Boston, Mass 
Products will include magnetic logic 
elements, shift registers, real-time com the name of your nearest Borg ““Tech-Rep.” 
puters, industrial control systems WRITE FOR 
digital storage systems, and servoam for Wr hele 
plifiers. President is Robert D. Kodis BED-A90 

Systems Technology, Inc., to do 
R&D work in automatic and manual BORG EQUIPMENT DIVISION 
control systems, astronautics and acro THE GEORGE W. BORG CORPORATION 


nautics, human dynamics, and reliabil- 
“Ae . , . JANESVILLE, 
ity—in Inglewood, Galif. President is aetna: 


D. T. McRuer 


and many other applications 


Write for complete engineering data and 


. 
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NEW YORK USES OVER 25,000 | wars new 
FULTON SYLPHON 
TEMPERATURE REGULATORS! 


New Teflon Chevron valve stem 
packing—no sticking, no leaking, 
no lubrication... ever! 


New Monel valve stem—super 
finished to prevent sticking! 


New "“Quick-Detach”’ stem fit- 
ting—valve removable without dis- 
turbing adjustments! 


New "MA" single seated valve 
—for “dead-end” service! 


All metal construction —for long 
life! 





Who builds today’s quality regula- 
tors? The proof lies in New York 
City’s more than 25,000 Fulton Syl- 
phon Temperature Regulators .. . 
many still giving trouble-free per 
formance after 25 years of service. 


You can have this same premium 
performance in the pressure regu- 
lators you use in heating, ventila- 


ting and air conditioning systems. | 


The new No. 1073 Pressure Reg- 
ulator gives you premium quality 
“extras” at no added cost. Installa- 
tion is easy and inexpensive. Valve 
sizes up to 4”... pressures up to 
250 psi. 


WRITE FOR BULLETIN D-XW 


FULTON SYLPHON DIVISION ~- Knoxville 1, Tenn. 
CIRCLE 81 ON READER-SERVICE CARD 


CONTROL 


ENGINEERING 


| Electric’s 
| elected 


IMPORTANT MOVES 
BY KEY PEOPLE 


Aecronutronic Systems Raises 
Krause, Johnson, Charyk 


Three men who took part in a 
dramatic mass exodus from Lockheed’s 
missile systems div. nearly three year 
igo (Cth, Feb 
in new appointments by Ford Motor 
Co.'s Aeronutronic Systems 
Lhe three, all of 
previous service with Ford, are Ernst 
Hl. Krause, Montgomery TH 
and Joseph V. ¢ harvk 

Last spring (Cth, May, p. 174 
Charyk was promoted to director of 
\cronutroni 
promoted to 
Now, 
general 
manager of the subsidiary Space 
Fechnology Div. and director of it 
Office of Advanced Research. Krause, 
formerly in charge of R&D, becomes 
vice-president and general manager of 
the Aeronutronic Computer Div. in 
Van Nuys and Santa Ana, Calif 

‘ 


"56, p. 24) are named 


ubsidiary 


whom have had 


Johnson 


missile technology 1 
Systems and Johnson wa 
director of advanced research 


in the same order, they ar 


“ 7 ” 


Charyk had been in his new assign 
ment for less than a month (Oct. 5 to 
Oct. 30) when still another position 
opened for him: chief scientist of the 
Air Force. He will take a leave of ab 
ence Jan. | to serve in the vear-lony 
post as adviser to the Air Force on 
technical matters, programs, and r 
quirements. His predece r, Georg 
lM. Valley Jr., will join Melpar, Inc 
of Falls Church, Va., a subsidiary of 
Westinghouse Air Brake Co., as di 


| rector of development planning 


| GE’s Glenn B. Warren 


Elected President of ASME 
Glenn B. Warren, ( president 


ind consulting engineer of General 
Turbine Div., has been 

president of — the ASMI 

lected to serve with him were thes¢ 


| new vice-presidents: Charles H. Coo 


gan Jr., head of the ME Dept. of 
the University of Connecticut; Gordon 
R. Hahn, assistant chief mechanical 
engineer for Gibbs & Hill, New York; 
John W. Little, president of Goslin 
Birmingham Mfg. Co., Alabama; 
lhomas J. Dolan, head of the Dept 
of Theoretical & Applied Mechanics 
University of Illinois, and Harold 


} Grasse, partner in Black & Veatch, 


Kansas City, Mo, 





COIFFUSED 
ALLOY 

=OWER 

TRANSISTORS 


(ACTUAL SIZE) 





Features 


Faster Switching Times 0.5-5 u Sec 
Switching Currents up to 10 amperes 
Flatter Frequency Response 40 Kc 
Higher Breakdown Voltage up to 120 Volts 
Current Gain of 40 at 5 amperes 
Standard Power Transistor Package 
Lower Base Resistance, 2 ohms 
Lower Saturation Resistance, 0.1 ohm 


Uses 


TV Horizontal Output 
Hi-Fi Amplifiers 
Core Drivers 
High Current Switching 
Power Converters 
Ultrasonic Generators 
Modulators 











Because no other transistor 
tion of features and uses, vou 
out the DAP transistor in yo 
details now on new Bendix difl 
transistors by writing SEMICOND! 
BENDIX AVIATION CORPOF 


NEW JERSEY 


RAT 





Ratings 


Pp 
Vd 25°C 








2N1073 15 W 
2N1073A 35 W 


2N10738 120 35 W 











West Coast Office: 117 E. Providencia Ave., Burbank, Colif 
Canodion Distribut 
Computing Devices of Canada, Ltd., P. O. Box 508, ¢ 


Export Sales and Se 
Bendix Internctional Div 


“Tred Conk’ Division 
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RBM Millions of Type MS relays now 


in extensive use in highly competi- 
tive markets—automotive, radio, 
and television. Proven ideal for 


MINIATURE applications requiring a sensitive, 


highly reliable single pole or com- 


TYPE MS 


mon multiple contact DC unit. 


SE NSITIVE Mass production, and RBM’s ex- / {i i] actuat 


perience in assembly techniques, 


make Type MS your low cost 
RE LAY solution for volume usage. 





i a | - 
ot 
X-BAR 
AVAILABLE WITH ENCLOSED CONTACTS INSURE NO CURRENT- CO/L CONSTRUCTION 
PRINTED CIRCUIT CONTACTS WHERE MAX/MUM CARRYING MEETS UNUSUAL 
TERMINALS DESIRABLE RELIABILITY RIVETS CLIMATIC CONDITIONS 


CHA RACTER/ST/ICS CONTACT FORMS 


MS-40O MS-25 SINGLE COMMON 
POLE MAKE 


COIL RESISTANCE |T0 10,000 OHMS | TO /5000 OHMS NO 3N0 &/Dr 








MAX. CO/L POWER / WATT LS WATT or 5 NO 





MIN,COIL. POWER | AOWATT | .025 WATT 

(SINGLE POLE ) | ( SINGLE POLE) TERMINALS 

(A) SOLDER TYPE - ALL 
VERSIONS 


(8) PRINTED C/RCUIT 
(Non-moucrivE)| (NON-/NDUCTIVE) TYPE (SINGLE POLE 


VERSIONS ONLY ) 


CONTACT RATING | /AMP-28V DC.| /AMP 28V De, 
OR IIS VAC. OR HEVA.L. 








Consu/t your local RBM Product Application Engineer or write for Bulletin MS-3 


RBM Controls Division 


ESSEX WIRE CORPORATION, LOGANSPORT, INDIANA 
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ne of these BUSINESS REPLY MAIL ——— 

handy prepaid ee Se ee ee ee aan 

post cards Reader Service Department 1 (12-58 noma 

oo ees 

will bring you CONTROL ENGINEERING ont 
> 

detailed information 330 West 42nd Street — 

New York 36, N. Y. mar 

02 IE 
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GET 


more information about 
1. Advertised products 
2. New product items 

3. Catalogs and bulletins 














All advertisements, new prod ts and literature items are numbered for your convenience 









HOW TO USE THESE CARDS: 
1. Find the key number on item BUSINESS 


of interest Siena Disa 








Ser 





REPLY MAIL 


& R.) New York, N. Y 





2. Circle this number on one of 
the cards 


12.58 


CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 


3. Mail card immediately 


IMPORTANT: Circle key numbers below and mail before March 1, 1959 


10 30 50 60 70 


) 


~ oO 


120 130 140 ©=—150 160 170 180 190 
1311 151 161 17) 181 191 
16 P 182 192 
183 193 
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INSTRUCTIONS. 





Use these reader service cards 
to get more information on 


advertised products, new product items 
or catalogs and bulletins 
appearing in Control Engineering 


OOF EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EERE EERE 


1. 
IMPORTANT: Circle key numbers below and mail before March 1, ‘ Circle number on card 


10 20 30 { ) 7 C 0 100 110 120 130 140 150 160 17 ‘ . . : 
1) 6210 C3) 7 4 ‘ 101 301 321 331 141 151 161 17 : that coincides with key 
12 22 32 2 5 102 112 122 132 142 152 162 : * 
12 23 33 5 103 113 123 133 143 (153 163 number listed at bottom 
14 24 34 ; 104 114 124 134 144 154 164 ‘ ‘ : 
15 25 35 c ‘ 105 115 125 135 145 155 165 or adjacent to item of 
146 26 3% 56 106 116 126 136 146 156 166 ; . 
17 27 37 107 117 127 137 147 157 167 177 ° interest. 

18 28 38 108 138 128 138 148 158 168 : 

19 29 «#39 59 109 119 129 139 149 159 169 

a. 

200 210 220 230 300 310 320 330 340 350 360 
201 211 221 231 301 311 321 331 34) 151 361 3 . ° ° 

212 222 232 302 312 322 332 342 352 362 Fill in your name, title, 

213 223 233 303 313 323 333 353 363 383 ; 
204 214 224 234 304 314 324 334 354 364 37 : company and address. 
205 215 225 235 2 305 315 325 335 355 365 
206 216 226 236 306 216 326 336 366 
207 217 227 237 307 317 327 357 367 

3. 


208 218 228 238 308 318 328 358 368 
209 219 229 239 309 319 329 369 


SCeno usa wun — 


oan Mail card immediately. 





Compony 
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Eight reasons why Burroughs chose 


Teletype Printer for the new 220 


ElectroData Division of Burroughs Corporation made 
extensive tests and comparisons before choosing a super- 
visory and off-line printer for their new, high-speed 
electronic data processing system—the Burroughs 220. 

Here are the eight reasons for choosing the Teletype 
Model 28 Printer: 


1 Reliability. In actual test, the Teletype Model 28 
Printer ran continuously more than 20 times as 
long as other equipment tested. 


2 Parallel Input. The Printer accepts parallel input 
information—desirable since the output from the data- 
processor is parallel. 


3 Coding Flexibility. Type boxes used in the Model 
28 Printer may be interchanged quickly and easily to 
suit a variety of code requirements. This feature is 
unique with Teletype. 

Any code may be made to accomplish any non- 
printing function in the printer or to actuate a transfer 
by a simple change in the Stunt Box (exclu- 
sive with Teletype). 


contact 


4 Speed. The Model 28 Printer meets the speed re- 
quirement of 100 words per minute. 
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5 Readability. Quick reading of the copy is easier be- 
cause type box moves across a stationary platen—rests 
out of the way between characters 

6 Tabulating. The Printer is equipped with a hori 
zontal tab which is fast and adjustable. It has, also, 
an adjustable “‘Form-Out” for indexing printing on 
next printed form. 

7 Appearance. The Teletype Model 28 Printer is 
housed in a well-designed, attractive cabinet. 

8 Quiet Operation. Operating noises are reduced to 
a minimum by the sound absorbing cabinet enclosure 
More Information. The Mode! 28 Printer is one of 
several units in the all-new Model 28 line of Teletype 
equipment. If you would like more information on 
these new units, write to Teletype Corporation, Dept. 
20M, 4100 Fullerton Avenue, Chicago 39, Illinois. 


TELETYPE 


CORPORATION 


sussioiry of Mesfern Electric Company INC 


DECEMBER 1958 127 





IM MEDIATE AVAI LABILITY. ..Hydraulic Research's 


new FLOW CONTROL TRANSDUCER 


ULTRA-HIGH STABILITY AT 


MAXIMUM PERFORMANCE FROM 
-65° TO +450° F, AND TO 1CO G's 


Here is a completely integrated electro-hydraulic 
flow transducer developed exclusively for 
TORQUE advanced, high performance control requirements 
MOTOR It is essentially unaffected by acceleration, 
vibration and temperature extremes. 


ISOLATION 
DIAPHRAGM 


TYPICAL PERFORMANCE DATA 


: Control Flow Range 0.15 to 15 GPM 
NOZZLES SPOOL POSITION Typical Electrical Input 80 milliwatts 
FEEDBACK Operating Pressure Range 150 to 4000 psi 
POWER STAGE . Hysteresis 3% max 
=> RETURN Threshold 14% max. 
Null Shift Due to 
Temperature Changes 5% max 65 to +450°F. 
ORIFICE Null Shift Due to Acceleration 
Vibration, Shock 5% max. up to 100G 
Operating Temperatures —65 to +450°F 
Weight 1.0 Ib. nominal 
Flow Gain Linearity +5% 
Compatible with all 
ACTUATOR hydraulic system fluids and most fuels. 





=— PRESSURE 


no external null adjustment necessary 


— HypDRAULIC IRESEARCH 


complete details AND MANUFACTURING COMPANY 


Subsidiary of Bell Aircraft Corp 


2835 N. Naomi Street + Burbank, Calif. * Victoria 9-2227 


REPRESENTATIVES: 


WASHINGTON TEXAS NEW ENGLAND SIATES 
Cc & H SUPPLY COMPANY E. S. BETTS NORTHEAST SALES ENGINEERING 
King County Airport, Boeing Field Post Office Box 1107 3013 Dixwell 
Seattle 8, Washington Grand Prairie, Texas Hamden, Connecticut 
CANADA 
KANSAS MISSOURI SOUTHEASTERN STATES AIRCRAFT APPLIANCE 
C & H SUPPLY COMPANY R. F. CARLSON, JR SOUTHERN DYNAMICS & EQUIPMENT LIMITED 
1725 East 2nd Street #1 Spoede Acres 7257 Lake Drive 585 Dixon Road, Post Office Box 177 
Wichita, Kansas Creve Coeur, Missouri Orlando, Florida Toronto 15, Ontario, Canada 
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for 2nd generation missiles... featuring 


EXTREME ENVIRONMENTS | 


Hypraucic FRESEARCH FLOW CONTROL TRANSDUCER /MODEL 26 


MASS BALANCED ARMATURE 
AND FLAPPER ASSEMBLY 


POWERFUL DRY TORQUE MOTOR 


INTERNAL FEEDBACK 


SYMMETRICAL 
STAINLESS STEEL BODY 








LAPPED SPOOL 


CENTRAL FILTRATION 
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eyes for 
the silent service 


During her history-making voyage 
under the Polar icecap, the Nautilus, 
like all the 


atomic fleet, carried two periscopes 


other submarines in 
designed and manufactured by 
The high degree of 
optical and mechanical skill required 


to produce these periscopes can be 


Kollmorgen 


drawn on to solve your remote view 
ing and 
literature 


inspection For 


Department 15D. 


problems 
write 


KROLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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POWER SUPPLY 
Associates, In 
Tells how 


(300) COMPACT 
Computer Engincering 
Bulletin PT 121.1, 2 pp 
transistorized supply provides high-voltage 
de power! 
Graph illustrates an exce 
versus load characteristu 

(301) SOLAR CELLS. Hoffman i-le 
tronics Corp. ‘Techmcal Information Bul 
letin 32-58, 4 pp. Details both the elec 
trical and physical characteristics of 
types of silicon solar 
tion each 
Spec tral 
characteristics, 


inew 


i low voltage d source 


lent efh 


from 


1eNC\ 


nine 
cells, with applica 
Illustrations include 
curves, current-voltage 


notes on 
re SpOnsc 
power temperature rela 
construction details 
COMPONENTS 
Corp. Bulletin SOLA, 4 


8 synchros, ser 


tionship, and 
SERVO 
den Ketay 
Covers Size 
transistorized 


302 


Nor 
PP. 
vomotors, and 
amplifier using specifica 
tions lists, outline drawn 
303 BATTERY AND 
PLUGS. Cannon Electric ‘ 
GB-7-19538, 20 pp. Describe 
onnectors for 
battery 


ind photo 
POWER 
Bulletin 
omplet 

line of battery 

ing, qu k hang 

overed 


equ p 


powcr us 


t 
is the 


Principal 
thon of 
ment to aircraft electrical 

304 HIGH-PRESSURI 
METER. Fischer & Porter Ce 
tion 1OA1247, 2 pp. Off 
Magna 
Meter, an 


racv, variable-area 


ippl 
connes iuxihary powe! 


PLOW 


on the new sight Ind 


rator ill-metal 
Howmet 
indicator 


netically coupled 


CAN YOU USE THESE FEATURES IN 
VARIABLE SPEED DRIVES 
AND DIFFERENTIAL 
TRANSMISSIONS ? 


* Full torque at zero speed 


* Smvothly adjustable through zero speed 


*Draw accuracies of .01% 


* Shockless starts + Fully reversing 


* Output speed ranges from 


0-7000 rpm 


Consider SPECON drives, transmissions and gear boxes 
for your variable speed drive requirements. 

Designed and produced by Stratos, the family of SPECON 
drives and transmissions is shown*in a new free booklet — 
including capacity charts and output speed regulation. 


Write today to: 


PECON 





Stratos Industrial Products Branch 


Turbo-Expanders and Compressors 
« SPECON Variable Speed 


The differential gearing of SPECON 
mechanical transmissions and electri- 
cal drives is available where gear boxes 
alone are needed. Special units for 
spevific requirements are a SPECON 
specialty — standard sizes up to 75 hp 
are also available. 


#42, Route 109, West Babylon, N.Y. 


¢ Pneumatic Pressure Regulators 


Drives and Transmissions 
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components, 


high-pressure, high-temperature service 
305) BREADBOARD HARDWARI 
Servo Corp of America Catalog 
PDSI110-1, 16 pp. Provide te 
features and specifications with respect to 
il] Servoboard electrome 


ompk 
lianical assembly 
including mounting 
hangers, clamps, shafts, gears, service 
limit stops, swiich assembli 
differentials 

306 NEW REDUCING 
Atlas Valve Co. Catalog sheet 
1 new 


board 
units 
lutches, and 


VALVI 
Deal 


} 
Valve for 


with 
high-pressure reducing 
reduction 


handling large-ratio — pressut 


within ft t 


from 6,000 psi to percent 0 
the initial pressure in one stage 
CONTINUOUS pH CONTRO! 
Beckman/Scientific & Pr Instrument 
Div. Application Data Sheet pH-420 
u pp Describes the u of industrial pl 


production of enan 


st) ) 


juipment im the 

printing paper Specific problem is th 
rol of feed stock pH n the head | 

Illustration includes a syst 

COMPONENT 

General Electric ¢ 
pp Pr 

ric 


, 
nce tor sek 


m dia TAM 
TRANSFORM 


ERS Bulletin GEA 


6723. 24 


ing 
tro] general-purpose pecial-purp 


ranstormet Contam 


m of each transfor type nclu 


' 
ypical rating p ind detailed 


m imformation 
QUICK SHIPMENT ¢ 
& Porter Co. Catalo 


line t 


ATALOG 
; Dp 
1 complete tandard pr 


Product 


hipn " 


instruments tor quick 
lack ma or t 


len 
READOUT 
oTp 
8. 4 pp 


nlarged Vie 
struction and op 
CIRCUIT SYNTHESIS 
Electronics Co., In Catalo 
+t pp. Int: Mod 
it Designer, a low t en 
or the rapid 
its Lists typi i] application 
312) RELAY DATA. General Electn 
Co. Bulletin GEA665A, 4 pp. Offer 


manutacturer ind SCT f 


tion 
sting detail 
Pomort 
N 
oduces the 


ynthe of 


} 
, | 
nus Tha 


quipment up to lat nformation on 
GE's complete line of miniaturized. her 
metically sealed relay 
313 + WATT AMPLIFIER. Libr 
ope, In Bulletin N 1-2, 2 pp 
Illustrated brochure includes complete pet 
formance specs and application data on a 
: samt ifn Mock 


rovides dimensional dafa and 


new transistor 
1-2 P 
viring diagram 
514) ACTUATOR PACKAGES. Wal 
dorf Instrument Ce Data Shect WI] 
1394, 2 pp. Describ 1 new line of 
ontrolled actuator 
hydraulic and pn 


ol noid ( pa kage for 


many 


' 


mati ippl i 
field 
COMPARISON 


Bulletin 


1IOns particularly in the missiles 
315 HIGH-SPEED 


Computer Measurements Corp 





620A, 4 pp. Instruments described here 
are designed for frequency stability and 
comparison checks, speed control, flow 
mtrol and other limiting situations o 
currmg between | and 40,000 times per sex 
316) RECORDERS, CONTROLLERS 
INDICATORS General Electri Co 
Bulletin GEA-6792, 12 pp. Includes som« 
interestin ipphication data on @ line of 
tnip- and circular-chart recorders, record 
7 mtrollers, and indicators 
VALVE OPERATORS. | Fischer 
Co. Bulletin E-350, § pp D 
1 line of electrohyvdraulic actuator 
in electrical control loop 
SNAP-ACTING SWITCHES 
Switch Dia f the W | Max 
tin YSSSS pp Briefly 
¥ submuniature nap-act 
ving standard and aux 
actuator styles and construction 
MOTORS & CONTROLS. West 
ou Electr Corp. Booklet B-7292 
pp. Completely illustrated two-color 
hu ummarizes types and feature 
yvnchronous mot ind controls. Ma 
include 1 issions of power f 
tion, mot clection, and = speci 
tion pl blem 
ANALYZER CONTRO! 


man/Scientific & Pro Instruments 
Speci ’ S] GC.411 


Photo limension drawin 
1 multestream, multi 
ror hromate 
Ii xplaimn 
hall il 
inal peed 
POWER PACKS 
en 1 Bull 


IWoO POSITION CONTRO 
\ N th p ) Data Sh t 


( 


HIGH POWER SERVOMO 


rFORS. Genera t B 


CONTROLS 
t N 


LIMING 


( Bi 


‘ ' 
) i 


{ 


NO MOVING 


intertace ipph 
feat i listed cparatel 
PLASTIC LAMINATES. § ‘Tavlor 
Co. Data Sheet No. 8-1] + pp Con 
mainly of tables listing phy 
nechanical, and elk ical characterist of 
four new opper lad plastic laminat 
for printed circuit work 


HIGH O INDUCTORS 


save valuable 
engineering: time 


. 


HEATH Electronic Analog Computer Kit 


in the college classroom, or * 
the job'' in industry, the Heathkie 
Analog Computer solves physical 


mechanical problems by 


rot lendaelallome iiaslt il. Lilelal 


of conditions ull kit $945°° 


30 coefficient potentiometers, each capable of being set with extreme 


15 amplifiers using etched-metal circuit boards for quick assen 


operation 
A nulling meter for accurate setting of computer voltages 


A unique patch-board panel which enables the operator to ‘ses 
block layout 


save money wih HEATHKITS 


FREE 
FOLDER 


HEATH COMPANY 
A liary 
BENTON HARBOR 36, MICH. 


Gei the complete computer 
Story from this four-page 
folder, available free! 
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BULLETINS AND work in the fields of the future at NAA 
CATALOGS 





puter Engineering Associate In Bull 

tin LP121.1, 2 pp. Describes a series of 

high-O, low-frequency, precision decade 
x 

inductors for application where pet 

formance approaching that of ideal 


cuit clements is required 


Characteristx 
curves are used to illustrate performance 
328) INERTIA DAMPED. Beckman 
Instruments, Inc., Helipot Div Data 
Sheet 1303, 4 pp. Coverage of a 400 
cycle Size 15 inertia-damped servomotor 





includes a photograph, dimension 
ing, schematic, torque-speed curve chart 
ee f f RO Dege 
0 d VISION or corner requene Ics in ) specs and 
list of readily available modifications 
329 AUTOMATIC BATCHING 
Accurate, detailed viewing under Richardson Scale Co. Bulletin NP-2, one 
adverse conditions on land, in the sheet. Nontechnical release tells what 
air and under the sea presents spe- the new Select O-Weigh system with 
cial problems. Kollmorgen observa punched-card reader does (automatically 
tion systems, some _ iacorporating mtrols the blending, proportioning, or 
television or special photographic batching of any number of ingredients, or 
° \ it hen. r 
equipment and measuring devices just one ind what NS UCD hts al Sus 
gests Catalog 0351 for the detail 
330) PULSE TRANSFORMERS. Acm 


dus - i defense “Oo Te e, s)° 
wa fly eth _" ai Electric ¢ va 8 Bulletin PT 315 P ELECTRONICS | 


Covers miniature and subminiatur 


signs, in each case giving attention to ENGINEERS | 


are solving these problems in in 


mounting typ ise material, diametc 


height, and terminals. More general data Work on America’s most 


KBROLLMORGEN given on Spe ihcation 


optical corporation tures, and characteristx 
NORTHAMPTON, MASSACHUSETTS 331) POWER SUPPLIES. Opa At North 
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advanced weapon systems 


American Aviation 
work on such top level proj 
ects as the B-70 and F-108 
weapon systems, and the \-15 


manned space ship has cre 


There’s a lead-lag network ee * 
in this SIZE 11 Frame! santidl, Widen your hocleons 
x in these fields: Flight Control 
: Analysis, Reliability Analysis 
° . / Flight Simulation, and Sys 
Inertially \ + tems Analysis 
Damped ,J E We have immediate openings 
Servo ' s in applied research on radome 


dey elopment, antenna devel »p 
Motors 





MAGNETIC RETURN PATH ment. infrared, and acoustics 
FIXED TO MAGNET 


One compact unit—EAD’s | ag} |] BEARING Minimum requirements are 
high performance servo od ® smart > rie > ? 
motor and an inertial dam IT extension actual ¢ xperience plus B.S 
ay lead tan natecek "thie Sis fiends Guia and advanced degrees in FE. 
damper means: maximum ZS 
velocity constants; excellent 
damping; line frequency in- . , 
sensitivity; no wiring or pick- For more information please 
up a suppression - TYPICAL PARAMETERS write ¢ MrK.M.-' 
residual noise; non-critica > eto: : ° evenson 
adjustments and no loss in Model No. SDIHLX7-2CC 
shaft output. Meets signifi- : 
cant military specs. Operates Size BU ORD Size 11 American Aviat | I 
to. 150 C. Supplied in sizes Frequency 400 cps an Aviation, in 408 
10 and 15 as well. Angeles 45. California 

Also available—Viscous Motor Power 3.5 watts 

Damped Servomotors. phase 


Write for complete data. THE LOS ANGELES DIVISION OF 
Stoll Torque 0.63 o2. in /\ 
No Load Speed 300 
@/s ft eanet ae es ae sec NORTH 
J > * 
JASCETN | sare tn, | ty~03. 4-14 AMERICAN 
ff 
sé aniidiies sidinies AVIATION, INC. 


PUULCES, inc. DOVER, NEW HAMPSHIRE 
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PERMANENT MAGNET and | hy SIcs, 
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Engineering Pe: nel, North 


























Biack Boxes, 
Dry Powder, and 
Missile Making 


wii 


It takes a lot of black boxes plus a good 
bit of dry powder to launch an occasional 
missile down at Cape Canaveral. Some of 
the black boxes contain Spectrol precision 
mechanisms, inline or otherwise, designed 
to control critical flight functions 


You may be interested in one of these units 
that we recently delivered to the missile 
people which has a number of industrial 
control applications outside this rather 
esoteric field. Known as a Function Pro- 
grammer, this particular 3 x 4 x 5 inch 
package is used for the flight control of 
guided missiles. Inside the Spectrol black 
box is a precision mechanism consisting es- 
sentially of a permanent magnet dc motor 
which drives a Spectrol precision potenti- 
ometer and six rotary switches of special 
design developed by Spectrol. These units 
are interconnected by an appropriate gear 
train. In operation, the precise opening and 
closing of the rotary switches and the ro- 
tation of the Spectrol precision potentiom- 
eter control the flight altitude of the missile 
with respect to time. 


As you can well imagine, devices of this 
type must be built to operate within pre- 
cise specifications under severe environ- 
mental conditions. In addition to the usual 
MIL specs, this unit was built to withstand 
a 2000 cps vibration at 10 G's and a shock 
of 50 G's. The Spectrol precision mechan- 
ism not only operates after experiencing 
these conditions, but during them. Overall 
program timing accuracy is 3 percent. 


Other applications for this little Spectrol 
package include checking a number func- 
tions sequentially in ground support equip- 
ment, programming machine tools, and 
controlling the order of operation in chem- 
ical and processing plants. 


To accommodate the numerous count- 
downs involved in missile testing, this 
Spectrol precision mechanism runs twice 
as fast in the “reset” position as the “pro- 
gram” position 


More information, including a helpful 8 
page booklet, on this and other Spectrol 
precision mechanisms designed for use as 
functional sub-assemblies is yours for the 
asking. Simply call your nearest Spectrol 
sales engineering representative or address 
Department 0812 


4 


ELECTRONICS CORPORATION 
Sales engineering representatives in p 


1704 S. DEL MAR AVE., SAN GABRIEL, CALIFORNIA 
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ncipal cities 


BULLETINS AND 
CATALOGS 





tric Co. Bulletin 102, 2 pp. Specification 
ind photographs deal with half a dozen 
uircraft models, three bench and _ three 
rack types. Voltage ratings for all rang 
from 0 to 32 dec; ripple is 0.5 percent 
Outputs are 5, 10, 20, and 40 amp 
332 MICROSAMPLING ACCES 
SORIES. Beckman/Scientific & Proce 
Instruments Diy Bulletin IR-SS-M] 
pp. Tells how application of muicr 
nstrumented by 
Beckman accessori is scale 
levic ind 
expands the usefulne 


unpling techniques 


refracting-type miucroscopes 
of infrared spectro 
opy in chemical analysis to other feld 
333 LEVEI MEASUREMENT 
Robertshaw-Fulton Controls ( Bulle 
tin RF-588, one sheet. Describes the new 
Series 42 R-I ipacitance-null balance in 
trument robe-type recorder-controllet 
said to 1 present a significant ad 
vance in process in 
334) PHASE DIVISION 
Instrument Corp. Engineering 
40,6 pp. A discussion by Ge 
vice-president of engineer 


In ot 


potentiometer met! 


indicator 


trumentatior 


oratories 


Pihl's compat 
makes bold use of graphs and scl 


335) TAPI 


RECORDERS. Mincom 
Div Minnesota Mining & Mfg. Co 
Bulletin, 3 pp. Gives the characterist 

specifications, and operating feat 
new Mincom Model C-] series of instru 


nentation tape recorder ‘laces a special 
ca 


1 
res of the 


nphasis on the transistorized t 
ture of dynamic brakir 

336) HEATERS. General F] 
Booklet GEC-1005 5 


treatment giv 


of heaters, to 


ind to th 


requirements 
' ostats 


nap 
1 temperature control 
ments, and magneti 
337) SEALED RELAYS. General Ek 
tric Co. Bulletin GEA6628, 24 pp 
Photographs, circuit diagrams, coil data 


controls 


ind specifications blend here to describe 
hermetically sealed relays (microminiature 
subminiature, miniature, and high-speed 
for military and industrial application 
Thumbnail sketches of each type 
inside the front cover 

338 TEFLON TAPES. Continental 
Diamond Fibre Corp. Bulletin, 4+ pp 
leflon 


; supporte d 


ppear 
a} peal 


Deals with a variety of cementabk 
tapes and sheets, including gla 
unsupported, and metal-clad 
339) ELECTRIC MONITOR. Elec 
Regulator Corp. Bulletin No. 4.01| 

Fully describes an electri 
tem that detects voltag« 
phase 


monitonng 
frequen \ 
conditions in any power sour 
operates contactors, switches, alarms 

in response to the variations 

340) TRANSISTOR SPECS. General 
Electric Co. Two folders, 6 and 4 pp 
Combined, these folders provide conside: 
able detailed information on the specifica 
tions and applications of silicon unijunc 
tion transistors, Types 2N489 to 2N494 
Both major and minor electrical charac 
teristics are tabulated for easy reference 


COUNTER TUBES 


COUNT 


—up to 
100,000 times 
per second 


Ir you'RE designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


Write for this descrip 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept 

12 Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California 
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ABSTRACTS 


Future Guidance Problems nrective impulses. Performance 


these functions becomes more difficult 

From An Introduction to Mid when the vehicle is displaced from it 
course and ‘Terminal Guidance” by launch site in both space and tim 
\lbert D. Wheelon of the Applied is is the case here 
Physics Dept., Space Technology Figure | shows a vehicl " 
Laboratories, Inc. Paper presented n force-free space and i s the 
at the IAS meeting, Los Angeles, 
Calif., July 8-11, 1958 
Problems discussed in this paper 

deal primarily with correction of bal 


eyeway listic rather than continuous. thrust 


trayectories our specu examples 


to a hot cell illustrate some of the guidanc« prob 


Cis 
A number of reactors-—including the edescent from a circular satellite 
newest commercial one at Shipping orbit 
port—use KOC periscopes for un *correction of inte rpl inetary tra 
derwater inspection of fuel elements. jectories 


: ; asic approach to the guidance pi 
These devices are dramatic demon- ‘terminal attraction by a planet 


2 6 : zs lems and the conflicting interest 
strations of Kollmorgen’s ability * satellite rendezvous guidance and propulsion systems d 
igners. Note that the orientation 

the optimum correcting impulse, 3\ 


is normal to the flight path but tha 
determining it 


to solve remote viewing problems In cach case, functions of the mid 
through a skillful combination of course or terminal guidance system in 
optical and mechanical knowledge. clude: | scnsing actual position ind 


For literature, write to Dept. 35D. , 
, : clocity of the vehicle, : magnitude decreases with time-t 
desired position and velocity, 3) com Whale tenditetes « Gebaite need | 


KOLLMAIORGEN puting the most efficient corrective a quantitative arbitration 


optical corporation inpulses, 4+ ensing and controlling In analvzine the proble moO 
NORTHAMPTON, MASSACHUSETTS vehicle attitude, and 5) controlling the 
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from a circular satellit 
target planet is consid 
mit atmosphere. Figure 


j 
the corrective Lp Use 


Fig. 2 


rculor 
rbit 


4 


You get 10 big Integral-Motor-Pump advantages 
in these two NEW types (three models) of 


GAST «=: AIR PUMPS r 
ee mn ' 
e > itio of O.10 

mene ane 1. Latest type G.E. ‘Form G"’ motors. conomical de 

he ap. fe oo am 2. More compact than other pumps ct rang 

psi or 27” vac. F I in impact or 

Total weight reduced 1/3—cuts shipping costs : 
Motor mounting time and labor eliminated 

. Simple, trouble-free rotary-vane design bit, howeve 

. Vanes take up their own wear automatically tivity is too high 

Mode! 0521 . Positive aglecmant, pulseless air delivery fF thercfo 

1/3 hp, to 3.8 cfm, 3. Improved appearance—smoother exterior , ; 

20 pel or 28° vac. 9. Dependable ie original equipment; plant use practica rirthn van 


*0321 similar in . Forced air fan cooling on Models 0321 & 0521 that range crror is msensiti 
oppecronce. 


tio rk 
Model 0321 ition angl 
1/4 hp, to 2.2 cfm, 
25 psi or 28” vac. 


TX is ¢ TOM 


tation errors when minimum 1p 


Write for new Bulletins V-356 and P-356! Gast Manufacturing Corp. orientation is used. This minimum 


P.O. Box 117- 1 Benton Harbor, Michigan rientation angle depends on the d 
See Catalog cd range @: the greater the ing 


in Sweet's ; — fh 
Design File GAST . ngle, the smaller the orientation ang 


@ AiR MOTORS TO 7 HP. 


| mitud 
@ COMPRESSORS TO 30 P51 , equired | ror in Hp Use magnitude 
ROTA RY @ VACUUM PUMPS TO 28 IN 


, ee ens has a much greater effect on rang 
“Air may be you 


iro As desired range 1s increased 
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ATCHLEY 
SERVOVALVES 


4 : 
MUTT) 


A, 
Ly 


MODEL 410 
Weight 11 ounces 


Shown '4 size 


Unique jet construction permits pas- 
sage of particles as large as 200 mi- 
crons through both the first and second 
stages without malfunctioning. 


Other features include: 


Single source of oil in first stage elimi- 
nates possibility of unbalance or “hard- 
over” signals due to oil contamination. 


Second stage precisely controlled by a 
push-pull, frictionless, force feedback 
servo. 


Available with flows from 4% to 50 GPM 
in four sizes. 


For more information, write for Data 
File CE-567-2 


Raymond fttchley, Inc. 
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ABSTRACTS 


range error merecases rapidly with er 
rors in impulse magnitude 

Control of the descent involves the 
functions mentioned above Pulse 
radar or fm measurements and ground 
tracking units will furnish height and 
ingular position Attitude sensing may 
use any of several references supplied 
by the attracting planet (gravitational 
gradient from nose to stem, shorte1 
pulse time along local verticle, and 
blackbody emission caused by solar 
radiation ) 


Gyroscopi¢ references 


subject to drift over long penods of 
onsiderable refine 
ment before they can be 

this problem \ possible 


might be to dissolve the gvro bearing 


time, will require 
ipplied to 
solution 


“when both the vehicle and gyro are in 


free fall, thereby climinating the mam 
iuse of dnft error. Another ipproach 
might be to pin the entire vehicle to 
provide a self-gvro reference \ simi 
lar scheme is presently used in the 
American Explorer itelhite 
The next tep 1 

pulse control higut 


itthitude and im 
mitlines a 


ittituck tabilization contro 


loop. ‘The control torques could be 
provided by flywheel operation instead 
of the roll jets. A dead space in the 
loop conserves power and avoids con 
stant correction. An integrating accel 
erometer in a servo loop could be used 
for impulse magnitude control 
Midcourse guidance has its most im 
portant application in the correction 
of ballistic trajectories used for ellipti 
cal transfer paths from the earth to 
neighboring planets. Here the major 
problem is determination of position 
ind velocity. ‘Techniques suggested for 
solving this problem include: optical 
intrabearing line angle measurements 
in the vehicle; radio or optical angle 
tracking from the earth; and radio 
range and doppler measurements on 
the vehicle or from the earth. Re 
quired computations would probably 
best be performed by ground units be 


COUNTER TUBES 


PROGRAM 


—and have 
long, 


reliable life 


Ir you'r: designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability — many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept 

12 Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California. 
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missile watcher 


At the Cape 
launching site, detailed observation 
from a safe distance is imperative 
at the critical moment of firing. A 
Kollmorgen missile periscope makes 
this possible. By effectively com 
bining optical and mechanical skills, 
Kollmorgen produces complete re 
mote viewing, testing and inspection 
instruments for industry and de 
fense. For literature, write Dept. 45D. 


Canaveral missile 


KROLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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cause of weight and power considera- 
tions. Impulse ces‘rol again could 
be furnished by the integrating accel 
crometer servo 

Che problem of placing one vehicle 
in the same orbit with another, or 
satellite rendezvous as it is called, in 
volves not one but a series of corre: 
tions. Essentially, it requires the 
matching of vehicle position and 
velocity vectors with those of a moving 
point. A_ practical example 
of this problem would be the visiting 
and refueling of orbiting satellites 

I'wo essential 
would be 1) that required to produce 
an elliptical orbit, tangent at its 
ipogee to the circular satellite orbit 
and 2) that required to stabilize the 
vehicle in the satellite orbit and at the 
correct orbiting speed. This second 
impulse could also correct for the 
angle that 
plane of the 
that of the 
the correction at the 
mizes the 


reference 


velocity impulses 


would exist between the 
satellite 


iscent trajyector 


trajectory and 


Making 


} 


Ipoger oO mini 


required, since the 


would b 


pt wer 


vehicle velocity Ininimum 


A series of vernier corrections would 


then compensate for minor errors 








DATA PROCESSING 
RAMO-WOOLDRIDGE 


Inquiries are invited from candidates holding degrees in engineering, 
physics, or mathematics, and who are interested in the following openings 
on new large-scale digital computer projects: 


SYSTEMS ANALYSIS 

Significant experience is required in 
analysis of large-scale digital systems 
or in computer programming. 


PROGRAMMING 


At least one year of experience is re- 
quired in programming of digital ma- 
chines. 


ELECTROMECHANICAL DESIGN 
Experience in electromechanical com- 


ponent design related to digital com- 
puter systems is essential. 


PHILADELPHIA APPOINTMENTS can be arranged by calling Mr. Frank C. Nagel col- 
lect at PEnnypacker 5-8698, Wednesday through Friday, December 3-5, or inquiries 


can be addressed to Mr. Nagel at 


RAMO-WOOLDRIDGE 


a division of 


THOMPSON RAMO WOOLDRIDGE INC. 


P. O. Box 90534, Airport Station 


TRANSISTOR CIRCUIT DESIGN 


Applicants should have transistor appli 
cations experience in computer circuit 
design. 


LOGICAL DESIGN 


Experience in logical design of digital 
systems is necessary. 


INFORMATION DISPLAY 


Experience in creative development of 
large-scale information displays is re 
quired. 


Los Angeles 45, California 








work in the fields of the future at NAA 


ELECTRO- 
MECHANICAL 
ELECTRONIC 

ENGINEERS 


\ BS or advan ed ce grees 
EE, ME, o1 
qualify you for a career al 
NAA, home of the advanced 
B-70, F-108, and X-15. 

Flight Control Analysis. 
Reliability Flight 


Simulation, Systems Analysis 


Physics, ma 


Analysis 


Electrical Systems Analy- 
sis and Design, Mission and 
lraffic Control, Fire Control, 
E lee 
tronics Systems Integration 
Flight Controls. Ground Sup 
Airborne 
Test Equip 


Bombing Systems 


port | quipment 
and Electronic 
ment 

Applied Research in Ra 
dome Development, Antenna 
Development, Infrared, and 
Acoustics. 


Please write to: Mr. K. M 
Stevenson. Engineering Pet 
North 


Aviation, Los 


American 


Angeles 45 


sonnel, 


California. 


NORTH {\ 


AMERICAN 
AVIATION, INC. 
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New dual purpose 
single coil 
latching relay... 


TOP RELIABILITY! 


2 amp. and 10 amp. Models 


Designed for trouble-free operation .. . 
the Series 48 relays feature AEMCO’s pot- 
ented latching mechanism—for greater 
dependability than ordinary cam or rochet 
relays. Construction is rugged—latch action 
is positive! Contacts lock open or closed 
mechonically with a momentary impulse to 
relay coil. SPST up to DPDT—rated 10 amps. 
ot 115 V. SPST up to 4PDT—rated at 2 


omps, at 115 V. 


SPECIFICATIONS: CORE: Solid core, heavy 
copper shading ring. COlL: Vacuum varnish 
impregnated and boked—tested for 1000 V 
RMS breakdown. INSULATION: Standard 
NEMA Grade XXXP Phenolic. CONTACTS 


“a” dia. for 10 amp. models—fine silver or 
silver alloy. Ve” dia. for 2 amp. models— 
fine silver, gold alloy, or palladium contacts 
All metal parts except stainless steel, cadmium 
plated with cronak finish. Latching members 
available with case-hordened parts if desired, 


For complete information on these Series 48 
Relays, write for descriptive dato sheet. 


Need relays? 


AEMCO offers o complete line of 
relays in o wide choice of spring 
ond coil combinations. operoting 
potentials, and contoct ratings. If 
one of hundreds of standord 
AEMCO reloy types does not ex 
octly meet your requirements, we 
will be happy to design and man 
facture a unit to meet or exceed 


your requirements 


AEMCO also manufactures @ complete line of Se- 


quence and Automatic Re Set Timers, Time Switches 


and Sign Floshers 


<< — = 
at oy 
~~ ~ 
~ | 
, ‘ 
f ‘ 
inquiries ore invited. Ask for 
r free copy of Relay Cotclog 
cribing ofl stondord reloys in 
. EMCO lin 
the AEMCO line a 
i muna 





AEMES INCORPORATED 


73 State St. © Mankato, Minn. 
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Control—a Broad Look 


INSTRUMENT AND Conrro. ENGI 
NEERING, Lloyd Slater, executive di 
rector of the Foundation for Instru 
mentation Education ( Research, 
+6 pp Published by Bellman Pub 
lishing Co., Cambridge, Mass. $1 
Lloyd Slater's informational look at 

the field of ntrol, previewed in (¢ tl 

last April page 40), has now 


published romised, it examun 
1] 


pbecn 


ontrol in 
pects primat 


fiekl to g 


Off to a Good Start 


HANDBOOK OF AUTOMATION COM 
PULATION \N (LONTROI Vol | 
CONTROL FUNDAMENTALS 
Prepared by staff of specialists md 
\fl. Grabbe, Si- 
Ek. Wool 
nig ll of LOM pSé Ramo 
W ooldridg 1,020 pp. Pub 
lished by John ae ns, Inc 
New York, 1 
Control itals, Volume | 
the thre olume Handbook of 
Automation, Computation, and Con 


: , } 
tre is de 1 by the editors as a 
' 

omplete control 


Although n 


up to such a claim this enot 


00k could pos 
reference Work doe manage 
well to touch upon a large va 

ontrol 
r, in this reviewer 
in Sections A and 


ire inadequately improperly em 


engineering topics. 
opinion 


manv of the t PICs 


phasized 
sechon \ (en ral 


'wWeTS uch CGHIVCTS¢ 


Mathematics 
topics i sets 
matrices, Boolean algebra, operational 
mathematics, complex variables, and 
tatistics Although the 
ipparently convinced that a control 
engincel hould know something 
ibout Boolean algebra. the chapter 


devotes no space at all to examples 


editors are 


of how this subject can be used by 
the practicing control system designer 
reat deal of space is 


but no 


For example, a 


devoted to Boolean notation 


COUNTER TUBES 


INDEX 
eae 


—and use 
simple 
circuits 


Ir you'r: designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


COUNTER TUBES 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept 
12 Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California. 
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fire control 


Where hit or miss means life or 
death, Kollmorgen fire control de 
vices put the projectile on target 
and keep it there. Combining opti 
cal, mechanical and electronic skills, 
these devices demonstrate the type 
of highly precise instrumentation 
work Kollmorgen is prepared to do 
for you. For literature on fire control 
write to Department 55D. 


KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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mention is made of the significantly 
close relationship between Shannon's 
switching algebra and Boolean alge 
bra. Again, matrix theory is pre 
sented from the point of view of vec 
tor space, when a much more natural 
approach for engineers would have 
been to start by considering matrices 
iS arrangements of elements (such as 
impedances, coefficients in a system of 
linear equations, etc.), and then pro 
ceed gradually from this more fa 
miliar ground to the relatively un 
known territory of vector space 

\ glaring omission (in this r 
viewers opinion) was the failure to 
treat in detail the calculus of varia 
tions Particularly now, when so 
much analytical effort is directed at 
minimizing various integral forms 
f.*tleldt, f,~e*’dt, ct i full sec 
tion covering variational techniques 
highly desirable 
rather than a few parenthetical remarks 


would have been 


in the chapter on integral equation 

Section B on Numerical Analvysi 
seems to be partially misplaced. Since 
the major emphasis in thi 
on the 


hapter 1 


numerical chniqu needed 


NEW AGASTAT 


HAS LONGER OPERATING LIFE 


The Agastat time/delay/relay has been completely re-designed, 
inside and out, to make every moving part last longer and oper- 
ate more reliably. Here are some other important advantages 


@ Dial adjustment for ezse and accuracy 
@ Five timing ranges, covering an overall range of 
from 0.08 seconds to 15 minutes 


Timed 


intervals remain the same through re 


peated readjustments 

integral wiring diagram and calibration plate 
Measures only 4-9/16 x 2-9/16 x 2-5/8’ 

All contacts are flexible contacts 

Contacts are larger for fast heat dissipation 


Write for details and application engineer- 
ing assistance to Dept. A32-1220 


Elastic Stop Nut Corporation 


of America 





DIVISION 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in Pneumatic Timing 
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for digital computer solution of vat 
ious types of algebraic and differentia 
equations, by mghts it should appear 
in Volume II (Computers and Data 
Processing) The numerical analvsi 
that should have been covered in this 
book would treat “paper and pencil” 
methods of obtaining numerical solu 
tions for polynomial equations of high 
degree, ordinary differential equations 
l’ourier series coefhicients, et This 
section would also have been a good 
place in which to present 
Fourier series and Founer ti 
expressions for Common wave 

On the other hand, Section C is a 
thorough introduction to the held of 
Operations Research. A great mam 
OR problems, such as 
cations and waiting line 


inventory allo 
ituations, ar 
discussed in detail; an extremely com 
plete iccount ot ling if Programiminnys 

ilso included. ‘Thi 


ticularly enhanced bv a larg« 


ecthion 18 pal 
numbe 
of worked-out exampl 

Section D on Informati 
Although 


transim) 


ilso excellent 
ment of data 
have been somewhat impro\ 
mathematical analysis of 
types ot 
three chapters (Informatio 
Smoothing and Filtering 


Transmission) give thor 


modulation § d 


understandable discussion 
ious topics, normalh 
»bscure term 

Section KF on Control heor 

by far the best edited secti th 
book Material from the texts b 
Chestnut and Maver Thaler and 
Brown, Truxal, and Brown and Camp 
bell has been combined into a wel 
organized presentation of feedbach 
control system information 
The editor of this section has en 


design 


hanced it even further by 
ing the 


1ugment 
tables, drawings, and_ text 
material from these sources with ad 
ditional information based on recenth 
published literature in the 
held \ welcome inclusion is the 
large number of tables 


control 


ind graphs 
from the very excellent compilation 
of servo-design data prepared by 
Northrop Aircraft and published as 
BuAer-Ae-61-4, Volume | 

Yet even in this 
ireas were not touched on, or were 
touched on very briefly. For exampl 
no mention is made of signal flow 
graphs and Mason's method of ob 
taining “gain at a glance ilthough 
the algebra of block diagrams is di 
cussed at some length. ‘Then, in the 
discussion of sampled-data system 


section certaim 





In this practical 








manual are the. . . 


INSTRUMENTATION 


® Detect ® Measure 








® Record and 


®@ Control 


INDUSTRIAL 
PROCESSES 














Engineers and techni 
cians in all industries 
where instrumentation 
and automatic control 
are important will find 
in this book an organized and thoroug! 
treatment of the operating and design 
fundamental of measurement = and 
automatic control systems used in the 
proce field 

It will serve you as a ready review of 
the principles of many different type 
of measurement and control processes, a 
guide to the selection of instruments and 
automatic controls for specific jobs, and 
a handy compilation of formulas, con 
tants, and critical and other enginee) 
ing data for aid in solving instrumen 
tation problem 


PROCESS 
INSTRUMENTS 
and CONTROLS 
HANDBOOK 


PREPARED BY A STAFF OF SPECIALISTS 
Editor-in-Chief 
DOUGLAS M. CONSIDINE 


Hughes Products Division 


Hughes Aircraft Company, Los Angeles, California 


1383 pages, 6 x 9%, hundreds of illustrations. $19.50 


EASY Pay only $4.50 in 10 days 
then $5.00 monthly until $19.50 
TERMS: i, poi 
CONTENTS | I 


Mea rement 
w Mea 


10 DAYS’ FREE EXAMINATION 


McGRAW-HILL BOOK CO., Dept CON.-12 


For price and terms outside U.S., 
write McGraw-Hill tnt'l N.Y.¢ 
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modi 
mentioned only 
casually. Finally, the discussion of per 


Jury's powerful technique of 
fied z-transforms 1 


formance criteria gives no recognition 
to the important work done by Gra- 
ham and Lathrop in evaluating the 
effectiveness of many different time 
response criteria 

But after all, it is easy to 


with a book containing 


find fault 
o much on 
sO many topic In spite of its omis 
sions and inadequacies, Control 
Fundamentals has a wealth of hitherto 
widely scattered information available 
Certainly every en 
gineering hbrary should have 
If Volumes II and III present a 
much detailed information _as Volume 
I does, th 
welcome “one-stop” 


within its pages 


1 cop 


entire series will be a 
encyclopedia for 
mtrol engineer 


Leslie R. Axelrod 


Theory and Practice 


AUTOMATK Process CONTRO! 
Donald P. Eckman, Professor of 
Mlechanical Engineering, Case In 
stitute of Technology 368 pp 
Published by John Wiley & Son 
In New York, 1958. $9 
Periodically, a new book appears 
which, although consigned to a pat 
ticular 
ently 


irea of technology and appat 
prepared as a formal textbook 
for the engineering undergraduate, ful 
fills th requirement of th 
practicing professional Dr. Eck 
man’s latest effort accomplishes just 
this; it presents the fundamentals of 
iutomatn 
offers the 
latest mathematical 
technique of the systems en 


broader 


iddition, 
in insight into the 
analytical ind 


control, and in 
reader 
gincer 

This book is capably conceived and 
intelligently organized The initiated 
instrument engineer will find much 
to learn in the chapter work, begin 
ning with 
iutomatic 


i generalized discussion of 
control 
discussions of process 
control 


ind proceeding to 
characteristics, 

control ele 
nonlinear ek 
response analysis, 
Nyquist and Bode diagrams, fluid and 


characteristics, 
ments and actuators, 
ments, frequency 
thermal process control, computer op 
timizing control, comparisons of con 
trol actions, and closed-loop systems 
Che final chapter introduces the topic 
of control stability and its analysis 
Within chapter the 
has presented several examples with 
solutions, and at the end of each 
chapter a sufficient number of prob 
lems to check out the reader's com 


each author 


COUNTER TUBES 


SAMPLE 


—and have 
excellent 
selectivity 


Ir you'r: designing part of a con- 
trol system or any circuit which 
includes measuring, monitoring, 
timing, counting, or programming, 
there are many good reasons for 
investigating the inherent advan- 
tages of Sylvania Counter Tubes. 
The counter tube offers compact- 
ness, simplicity, direct readout, 
and reliability many have been 
reported in operation over 20,000 
hours. 


SYLVANIA 


Write for this descrip- 
tive booklet. Address 
Sylvania Electric 
Products Inc., Dept 

12 Special Tube 
Operations, 500 
Evelyn Ave., 
Mountain View, 
California. 
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prehension of the material. Answers 
to these problems appear at the end 
ot the book 

Chroughout this book Dr. Eckman 
uses the system block diagram to de 
lineate process elements and control 
clements in any given loop. Learning 
the block diagram method of presen 
tation will be of Value to all instrument 














f id engineers; this method of presentation 
rom I eas is the keystone to the understanding 


e of system analysis 
to instruments An appendix contains a suitable 
glossary of terms, a discussion of the 
The sum total of the skills involved use of the differential analyzer as 
in the conception, design, develop- tool for the analysis of control prob 
ment and manufacture of complete lems, and nine realistic experiments 
optical systems frequently cuts in automatic control for those who are MASTERMIND 


across many fields. Kollmorgen com fortunate enough to have appropriate 


bines technical skill and complete laboratory facilities. Just as Dr. Eck THE COMPUTER 
facilities for highly precise work in man’s earlier books. Principles of In MARKET 


optics, mechanics and electronics dustrial Process Control Wiley, 


These combined skills can help you 1945) and Industrial Instrumenta WITH 
solve your viewing, testing and in tion (Wiley. 1950) were important 


spection problems. For literature, contributions, so is this current work BURROUGHS! 


write to Department 65D. 1 vital addition to the rapidly grow 


KOLLMORGEN ing body of instrumentation and con The mest stimulating marketing 


optical corporation trol literature challenge of tomorrow ... with 
snniaiieibiiamh: stp iteieaews S. Knoblock outstanding financial rewards and 
TT De c 


personal satisfactions today! This is 
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COMPUTER ENGINEERS 


Positions are open for computer engineers cap- 
able of making significant contributions to 
advanced computer technology. These positions 
are in our new Research Center at Newport 
Beach, California, overlooking the harbor and 
the Pacific Ocean—an ideal place to live. These 
are career opportunities for qualified engineers 
in an intellectual environment as stimulating as 
the physical surroundings are ideal. Qualified 
applicants are invited to send resumes, or 
inquiries, to Mr. L. T. Williams. 





processing systems, where dynami 
advances are being made by the 
ElectroData Division of Burroughs 
Corporation, Here in a Southern 
California setting, as well as in other 
areas of the country, our creative 
staff deals with the marketing 
challenge of today’s EDP systems and 
gives direction to the electronix 
equipment of the future. Sense the 
challenge? It can be yours. We have 
openings of major responsibility 

for people who have grown with the 
data processing field—who thoroughly 
understand computers and their 

applic ation to scientihe and 

business problems 


Mathematicians, Applied Scientists 
Product Planning and Applications 
Analysts, Applied Programmers, 
and others who are specialists in this 
growing field. For complete details, 
contact your local ElectroData district 
Areas of Interest: 
Computers & 

Data Processors 
Input/Output Equipment 
Storage Units 
Display Devices 
Computer Components 
Solid State Devices 
Electromechanical 

Equipment 


Positions Open: 
Systems Engineers 
Logical Designers 
Programmers 
Circuit Engineers 
Mechanical 

Engineers 
Applications 

Specialists 
Sales Engineers 


or regional office —or write to 
Professional Personnel Director 


Pasadena, address below 


YZ 
UM XKRSSS 


AERONUTRONIC SYSTEMS, INC. 


a subsidiary of Ford Motor Company 


1234 Air Way + Bldg. 28, Glendale, Calif. + CHapman 5-6651 1 
Burroughs Corporation 
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LOGICAL DESIGN of 
ELECTRICAL CIRCUITS 


JUST PUBLISHED A th ugt 
atic treatment of Boolean methods for ana 
lyzing relay, diode and vacuur be 
i ! t nator i { teady te) 
equentia r il ire « vere it many 
example f re t desigt Basic principle 
of Bool explaines n an 


tem 
and 
toolea ilgebra ure 
tand mannet 
By Kene A. Higonnet, 
ton, Inc.; and Rene A 
Lumitype-VPhoten Co., 


v4 pp., over 100 
$10.00 


ho- 

(rea, 
Paris 

illus., 





GUIDED MISSILE 
ENGINEERING 


HED ‘ rounded 
guided engineer 
iri 

vie aerody 
namica, airframe and = other 
subjects are overed en 
Edited by Allen FE 

eraft Co.; and Simon 
dridge Corp. 512 pp., 


pertorr 
h by experts 
Puckett, Hughes Alr 
Kamo, Ramo-W ool- 
718 Ulus., £10.00, 





FUNDAMENTALS of 
ELECTRON DEVICES 


theory ‘ ! i ippiica 
l t effective use 
cludes essential 
id ther 
lu uum 
amplifiers, phot dur e and photove 
ig ells illators te By Karl RK 
Spangenberg, Stanford t 442 illus., 
$10.00 


facts, 


ndu r ‘ well on Va 


505 pp., 





ELECTRON-TUBE 


i and evaluates 
properties of electron tube and 
cult operations——-analyzes tuned and un 
tuned amplifier and takes ip in detall 
r iit easential to modert ectron sys 
cle many lifferent kinds o 
de and power amplifiers, and 
mputing ircuits. By Samuel 
Inst. of Tech Edition 
810.50 
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ele ront 
Seely, Case 
605 pp., 739 illus., 
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WHAT'S AHEAD: MEETINGS 


DECEMBER 


American Society of Mechanical En- 
gineers, 23rd National Power Show 
Coliseum, New York Dec. 1-5 

Third Electronic Industries Associa- 
tion Conference on Reliable Ele« 

Dallas, Tex 

Dec. 2-4 
Eastern Joint Computer Conference, 
Modern Computers—Ob 

jectives, Design and \y lication, 
Bellevue-Stratford Hotel, Philadel 
phia Dec, 3-5 

Ihe Material Handling Institute, 
Inc., Annual Meeting, Roosevelt 
Hotel, New York Dec. 7-9 

American Institute of Chemical En- 
gineers, Annual Meeting, Nether 

Plaza Ohio 

De 

Institute of Radio Engineers, 1955 
Mid-America Electron Conven 

MAECON, Kansas Citv Mu 

nicipal Auditorium Arena, Kansas 

City, Mo Dec. 9-11 


trical Connection 


Them 


lands Cincinnati, 


fon 


JANUARY 


Institute of Radio Engineers, Fifth 
National Symposium on Reliability 
ind Quality Control, Bellevue-Strat 
ford Hotel, Philadelphia 

Jan 


MARCH 


Western Joint Computer Conference, 
Theme: New Horizons with Com 
puter Technology, Fairmont Hotel, 
San Francisco March 

Institute of Radio Engineers, 
National Convention and Exposi 
tion, Waldorf-Astoria Hotel and 
New York Coliseum, New York 

March 23-26 

American Society of Mechanical En- 
gineers, IRID Conference, 
by AIEEE, IRE, ISA, and 
Case Institute, Cleveland 

March 29-April 2 

2Ist American Power Conference, 
sponsored by Illinois Tech, Hotel 
Sherman, Chicago, II] 
March 


1959 


sponsored 


AIChI 


31-April 


APRIL 


Instrument Society of America, Sec 
ond National Symposium on Chem 
ical and Petroleum Instrumentation, 
St. Louis, Mo \pril 6-7 

Conference on Industrial Instrumen- 
tation and Control, sponsored by 
Armour Research Foundation, Hh 
nois Tech campu April 14-15 


solve your phasing 
problems with 


DAYSTROM 
PACIFIC 
GANG-TYPE 
POTS: 1000 t0 50x 


(shown actua/ size) 


ADD .245 TO LENGTH FOR EACH 
ADDITIONAL GANGED SECTION 
toe 21 6 wn & MAX. 
, PHASING \ ¥ 
access \ 2 
OPENING, 


a 








ADJUST TO EXACT REQUIRE- 
MENTS. Each wiper can be positioned 
independently to solve complex phas- 
ing, reliability, resolution and linearity 
problems. 

NEED LITTLE SPACE. Sections only 
%” in diameter. Each section adds less 
than %” to overall case length. 
EXCEPTIONAL STABILITY. No 
clamping rings needed to gang sections. 
Pots remain stable despite the rigors of 
temperature, altitude, and vibration 
encountered by aircraft and missiles. 


For complete specifications, con- 
tact the representative in your 
area...or write the factory direct. 


' 
| | D\vstrom PACIFIC 
a division of DAYSTROM, INC, 


9320 LINCOLN BOULEVARD 
LOS ANGELES 45, CALIFORNIA 
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CONTROL TRANSMITTER 


The following reprints have been prepared to make 
(CLASSIFIED ADVERTISING 
important reference-type editorial material available to SALES @ BUSINESS 
@enTROL ENGINEERING readers in convenient filable form. EQUIPMENT (Used or Resele 


Some repritits are individual articles, while others are “pack- OPPORTUNITIES’ 
DISPLAYED RATE 
ages’ —several articles published over a period of time that |) the advertising rote is $19.10 per inch for 


all advertising appearing on other than con 


logically supplement one another in the coverage of a specific |} troct boris.” Contract rates quoted on request 
phase of the control field. Any reprint can be obtained at Bsc gr eon 


(Not a for equip t advertising) 
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Economics in Control, December 1958, ernizing with control systems. 50 cent Miniatures; Precision; Stainless Steel; 
2+ pp. A special report covering the eco First-Hand Report on Control Inside Special Sizes, Tolerance & Construction. 
nomic aspects of modernizing with control Russia, November 1958, 16 pp. A team of RAWAY BEARING CO 
systems. It starts off with a guide to the 14 U.S. control engineers representing the 4-8 Forsythe St. Walker 5-8150 N. Y. C. 2. 
hnancial factors of modernization, then American Automatic Control Council r 
tells the control engineer how to spot ports on the status of automatic control 
opportunities where the addition of in in Russia. Each expert gives impressions of PLOTTER 
strumentation and control equipment will progress in his field of interest based on Automatic, X-¥, Digital input, connects directly 
earn money, and concludes with nine cast visits to Russian user plants and research ~ Senmery Dare Seng Pune. VELercrras 


: Type iC, of Telecomputing Corp.. Keyboard Ex 
histories showing specihic benefits of mod facilities. 40 cents cellent condition. Reasonable 


EDWARD GROTHUS, 
Box 795, los Alamos, New Mexico 
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OCCUPANT TAXFREE Low ANNUAL 
NEW FACTORY jUST OUTSIDE 
] eT ibto ABUNDANT SKILLE 
mapa Unit price No ordered Subtotal ~ LOW CABOR conte es, 
PECIALLY SUITABLE ELECTRONKK ane STRY 
| 1 C t | ) ASSEMBLY AND PARTS CONTACT 
conomics m Contro $0.5 80.9841. Cor Sani 
Electronic Process Control Systems $0.40 Class, Adv. Div., P.O. | 
Report on Russian Control... . $0.40 
Calculating a Control Index $0.30 
Servo Design Techniques . $0.65 
Flowmeters $0.50 
Applying Control Timers ; $0.50 
Control System Reliability .. $0.20 PROFESSIONAL SERVICES 
Point-to-Point Positioning Systems—I, II & III $1.50 
Point-to-Point Positioning Systems—III $0.40 


Point-to-Point Positioning Systems—II $0.50 , 
ag aa @ Research © Instrumentation 
Ready Reference Data File $0.51 








Servo Modulators ... $0.65 © Testing © Control Systems 
The Uses of Digital Computers $3 
Analysis Instrumentation—I1 $0 
Analysis Instrumentation—I $0 @ Economic Studies @ Patents 
Basic Data on Process Control $0.5 
How to Stimulate Dead Time .. $0 
Power Amplifiers ......... $0.5 
Static Switching Devices - $0.5 
Automatic Logging Systems $0.5 SVERDRUP & PARCEL, INC 
Automatic Machining—A View and a Preview $0.5 Engineers—Archites 
A Systems Analysis Predicts Performance $0.51 PI copy tr om ge ee grr reo 
Digital Application Series and insirumentation f r atomle energy ~, , chemi 
Programming Scientific “ “__Jators $0 Stake”. ‘task Geaiitlan , "ss ont ether peeeans 
Controlling a Process ..... $0 ; 915 Olive Street St. Louls 1, Missourt 
Fitting the Digital Computer into Control $0 
Basic Digital Series 
Programm’~7 the Computer Toere $0.2 
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REPRINTS cont'd 


Electronic Process Control Systems, No 
vember 1958, 1 pp \ statt report on the 
hottest area in matcrial processing con 
trol. Besides giving complete data on the 
ix commercially available electronic proc 
ess control systems (four of them were first 
announced at the 1958 ISA show), the 
irticle discusses the common denominators 
of all such systems and points out why 
user, consultant, and maker are interested 
in electronics. 40 cents 

How to Calculate a Control Earning In 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in 
struments and controls, and reports on ex 
perience in applying this method to three 
typical industrial processes. 30 cent: 

Servo Design Techniques, 32 pp. A 
print of six related articles describing vari 
ous electromechanical servo design tech 
rage Items include tachometer limiting, 
force-reflecting servos, calculating perform 
ance of drag-cup tachs, dual-mode servo 
ompensation, ipplying pa kaged servo a 
tuators, and cascading resolvers without 
umplifiers. ents 

What's Available in Flowmeters, 24 pp 
\ comprehensive overage ot positive dis 
placement, velocity, and mass flowmeters, 
including characteristics, applications, and 
plus details of a 
special drag disc meter. 50 cents 

Selecting and Applying Control ‘Timers, 
4 pp \ mpilation of four articles 
including a tabular de scription of timer 


typi il manufacturers; 


functional parts, cntena for selecting ind 
ipplying control timers, a tabular listing 


1 their charac 


of available timer types anc 
teristi ind techniques for custom-design 
ng controls for time-based routin : 
ents 

What the Control Engineer Should 
Know About Reliability, April 1958, 8 pp 
Not intended as a cc mprehensive treatise, 
but rather as a guide to aim the control 
engineer in the nght direction, this staff 
written article discusses ‘the new concept 
of systems effectiveness, and briefly covers 
techniqu for measuring reliability, pre 
dicting reliability, improving reliability, 
ind costing reliability. Up to date refer 
nce source ire listed. 20 cents 

Survey of Numerically-Controlied Point 
to-Point Positioning Systems, 72 pp. This 
omplete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
ire discussed. Individual parts of series are 
ilso available as listed below. $1.50 

Survey of Numerically-Controlled Point 
to-Point Positioning Systems—III, March 
1958, 16 pp. Includes detailed descrip 
tions of nine machine tool control sys 
tems. 40 cents 

Survey of Numerically-Controlled Point 
to-Point Positioning Systems—II, Febru 
ary 1958, 24 pp. Includes detailed de 
riptions of ten machine tool control sys 
tems »0 cents 

Ready Reference Data Files, 24 pp. A 
inust for everx_control engineer's library 
Includes the first 12 data files published 
in Conrrot ENGINEERING—a diversity of 
topics, from system reliability through the 
cost of industrial temperature-measurnng 


This is a 


photosensitive 
7 7 
resistor... actual size 


it's called a Kodak Ektron Detector, the photosen- 
sitive substance is lead sulfide, and it can be laid 
down in any pattern. 


® Signal response extends 


oor 
Masa | 


from 0.25 microns in the vltra- 
violet to 3.5 microns in the in- 


frared with maximum sensitiv- 


ity at 2.2 microns in the infrared. Gi Gos 


, . 2x10'ohms 210’ ohms 
@ They cre available in com- -E- 


mem 
plex and exact arrays and 


mosaics. 

@ Signal-to-noise ratio is excellent, particularly in the infrared 
®@ Vibration doesn't affect them. 

@ Elements can be extremely small in size. 


To get the details on Kodok Ektron Detectors, write for o 
free booklet to: Military and Special Products Sales, 


EASTMAN KODAK COMPANY 
Rochester 4, N.Y. 
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CHEMICAL AND PETROLEUM ENGINEERS 
ELECTRONIC ENGINEERS 

PHYSICISTS 

COMPUTER ENGINEERS 


DIGITAL COMPUTERS 
FOR PROCESS CONTROL 


The Thompson-Ramo-Wooldridge Products Company 

is seeking engineers and scientists to participate in the 
design and application of digital computer systems for the 
control of manufacturing processes, especially in the 
petroleum and chemical industries. Staff members work 
on a variety of processes, studying various control 
problems and synthesizing control systems which take 
into consideration the complex factors governing optimum 
process operation. Applicants holding advanced degrees 
in engineering, physics, or chemistry are preferred 


Those interested are invi » write to the 
Director of Engineering, 


THE THOMPSON -RAMO-WOOLDRIDGE PRODUCTS COMPANY 
POST OFFICE BOX 45067, AIRPORT STATION, LOS ANGELES 45, CALIFORNIA 
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ppointments at 


the highest echelons to 


holders of advanced degrees 


in physics, mathematics, 
electrical 


and mechanical engineering 


Litton Industries offers research appointments of 


the highest order of importance to the nation’s 
defense and economic endeavors. Applicants must 
have proven capability at the professional level for 
contributions toward the advancement of knowl- 
edge in the fields of computation, guidance, com- 
munication, or control. 


In the field of Space Research, appointments will 
be made within the disciplines of astronautics, 
bioastrophysics, basic physics, and 1.;perenviron- 
mental testing. 

These few men will have as their resources the skills 
of any of a thousand people who are the life of the 
electronic complex which is the Electronic Equip- 
ments Division of Litton Industries. They will 
command the most advanced computational instru- 
ments as their tools, plus the only Inhabited 
Space Chamber in the free world, plus engineering 
and manufacturing facilities which produce com- 
plete systems. 


The locale is Southern California where both the 
physical and intellectual climates are to be enjoyed. 
Send a brief resume to G. P. Dawson, Litton Indus- 
tries, Electronic Equipments Division, 9261 West 
3rd Street, Beverly Hills, California. 


LITTON INDUSTRIES 


Electronic Equipments Division 
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REPRINTS cont'd 


systems. Each one gives a method of solv 
ing a particular problem. 50 cents 

Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators 
ypical circuit diagrams, characteristics, 
and applications are given for each type, 
plus an 84-i:em bibhography and _ tables 
listing commercial units. 65 cents 

The Use of Digital Computers in Sci 
ence, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a period of two years as the Digital 
Application Series. Prominent authorities 
cover the application, programming, over 
all system design, and commercial avail 
ability of digital computers in all phases 
of business, industry, and the military. $3 

Analysis Instrumentation—Ii Xefrac- 
tometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in 
cludes the second group of four articles 
of the Analysis Series. 60 cents 

Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. Reprint consists 
of first 4 articles of Analysis Instrumenta 
tion Series: a general introduction and 
detailed discussions of the three analysi 
techniques. Emphasis is on basic princi 
ples, practical tips, and the use of the 
techniques in automatic proce ontre 
6U cents 

Basic Data on Process Control, 24 pp 
\ grouping of five articles on flow-proce 
control, including: Basic Concepts of Feed 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristic 
to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. Prac 
tical information for every process contro) 
engineer. 5U cents 

How to Simulate Dead Time, 6 pp 
Three tricky techniques for simulating 
dead time or transport lag. One's elec 
tronic, another is pneumatic-mechanical 
and the third uses magnetic tape A use 
ful reference for control engineers con 
cerned with process simulation. 15 cents 

Transistor and Thyratron Power Ampli 
fiers, 28 pp. These three articles—one on 
transistors and two on thvratrons—wer 
prompted by the increasing control ap 
plication of transistors as low-power ampli 
fers and thyratrons as high-power ampli 
fiers. In each case the emphasis is on 
practical application, circuit design, system 
stabilization, etc. 50 cents 

Static Switching Devices—New Tools 
for Industrial Control, May 1957, 28 pp 
An independent consultant analyzes the 
complete field of industrial static-switch 
ing systems. Starting off with a review of 
basic switching logic he covers circuit 
characteristics of the fundamental device 
commercially-available systems, actual ap 
plications, etc. 50 cents 

A Functional Analysis of Automatic 
Logging Systems, February 1956, 16 pp 
An examination of the various techniques 
and equipment used in performing the 
eight functions in a generalized automatic 
logging system: transducing, scale-factor 





orrection and linearizing, derivation of 
quantities, scanning, analog-to-digital con Mga dy, RE, iT. | é 
version, programming and control, alarm, and l 64 
ind recording or logging. 50 cents ia A MINIATURE 
Automatic Machining—A View and a New! < ELECTRONIC 
a. “ TWAE DELAY RELAYS 


Preview, + pp. A quick look at some of a Aaah 


t i 


the newer techniques that are being used 1 7, 
to control machine tools, It deals primar ANSISTC / DRIZED 
ily with recorded-information (numerical 


ontrol, discussing ways to automatically oun-cumatens 


furnish machining instructions ways to ELECTRONIC 


drive the tool or workpiece and ways to “A. ~ nae HAYDON commanys | TIME DELAY RELAYS 


neasure position and size 0 cents 31300 SERIES 


wen, foe OH de es ee TRANSISTORIZED SUB-MINIATURE 
hy or hows How de ( g he | 
cabin Caisaetialaics af Gk ee neal ELECTRONIC TIME DELAY RELAYS! 
id the o1 ol s en and ons if Zz 
; r : salud. as eae SAVE SPACE AND WEIGHT! 
st ad it rove erto c U cent Miniature 
Digital hoaliedion Series. For shoe artes me ; 
eaders who would like to fill out incom y 2 

sets of Application Series articles, 

following are available as reprints 





er 
' ner 
ih open 





nts each | AWH TD0-503 AWH 7 
) WH TD-50 0-504 
Programming Scientific Calculators— 


No. 5, May 1956, 6 pp. TEST-PROVED PERFORMANCE! 


High Temperoture: 125 C (250 F) 


’ ’ —— 9 ) 
Controlling a Process—No I Vibrotien: 2000 CPS et 15 g 

ember 195¢ >» pp a a 
Fitting he Yizital Computer into tt 

att ng the I igit * | t 7 Time Delays from 50 MS to 120 seconds. Longer Deloys available 
Process Control—No, 12, June 19 Hermetically sealed housings | 


: p 
TA, pine" 
Basic Digital Series. For those reader } Wn YAY) 
aoe A W-HIAYDO 
10 would like to fill out inzomplete set Vi 2 AY | 
t Basic Digital articles, the following is GID Norte cum sreeer, warersury 20, CONNECTICUT 
ivailable in reprinted form 25 cents 
Design ond Menviacture of Lectro-Mechoricel Timing Devices 


Programming the Computer—No. 12 


1957, 6 py CIRCLE 106 ON READER-SERVICE CARD 


HERE ARE A FEW EXAMPLES OF THE PROBLEMS You Can Afford This 


WE ARE PREPARED TO SOLVE 


Tati tudieaorain an datnati General Electric 


Traffic studies — origin and destinatior 

teport Making ° 
Liquid flow analysis Computing 
Power utility distribution studies 


7 
Computer simulation > ae Service: 
: . 


Cut and fill calculations for 
highway construction 


Engine design calculation 
Vibration analysis 


Military and management consultation and 
operations analysis 


Automatic structures design programming 


Mathematical or scientific equation and 
problem solving 


Product or organization simulation 
} Other (please describe 


A complete range of General Electric 
Computing Services is now available 
to industry, business, education, 
military and government. Facilities 
include a large and versatile high 
capacity computer and a staff of 70 


analysts, programmers, coders—leaders 
in the computer applications field It’s true! The programming and computer time to solve design 


For more information, check your problems for a series of telescopes 16”, 36”, and possibly 400” —twice the size of 
type of problem or problems above the largest telescope now in existence — figured out to approximately 30 cents per 
Cut out and mail this my engineering man hour! It is estimated that a team of 3 mathematical analysts 
pe mph rt aylent oo a al would have required more than one year of manual calculation to solve these 
the office listed below at right complex problems 

Perhaps you have a problem General Electric could solve with similar savings 


Progress /s Our Most Important Product For complete information @0@ ~® Alpine 4.3171 — Phoeniz 
GENERAL QQ ELECTRIC terrmtticrccommny 


eon ea nannmem seman aa seaaawma 1108 North Central Avenue, Pheenie, Artcona. 
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EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual 


Positions Vacant 
Positions Wanted 
Part Time Work 


DISPLAYED 
sing rate is $21.80 pe 
on other than a contract 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


——=RATEG=—— 


$1.80 per line, minimum 3 tines 
count 5 average words as a line 

Position Wanted Tho rate s one-half 
in advance 

Box Numbers count 

Discount of 10% 

insert n 

mmission Not subject to Agenoy Comr n 


Employment Agencies 

Employment Services 

labor Bureaus 
UNDISPLAYED 


To figure advance payment 


NATIONAL 


advert 
earin 
enyule 


inch f he ap 


basis uoted 


An advertising inch 
runmines 0 inches 


measured 
tO & page 
ecucive 


Sublect to Agenew (« 


Send NEW ADS or Inquiries to Classified Advertising Division of CONTROL ENGINEERING, P. O. Box 12, N. Y. 36, NY. January issue closes Dec. 3rd 


CAREER OPPORTUNITIES 


With a company making premium grade 
electronic equipment for aircraft for over 
30 years. Located in the beautiful 

region of Northern New Jersey, less than Vannah. 330 ¥ 
35 miles from New York City. reet, |New 














j LEGAL NOTICI 


STATEMENT REQUIRED BY THE ACT OF AUGUST 

24 2 AS AMENDED BY THE ACTS Of 

MARCH 19 AND JULY 3 4 r » 

T nited States Cocke New t 

SHOWING THE OWNERSHIP 
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Navigation Systems 
¢ Transistor Circuit Engineer 
Tacan Engineers 
Receiver Engineers 


Transmitter Engineers 
(VHF & UHF Frequencies) 


Navigation Equipment 
Engineers 
¢ Antenna Design Engineer 
Receivers * Technical Writers 


Enjoy the pleasure of working in a new laboratory 
in a company whose products are known as the 
highest quality in the industry 


Communication 
Systems 


Servos 
Transistors 





Transmitters 


ala 
amMiar 
ar + and 
and secu » 
f the mopany a 
' ‘ pe the ha hat 
McGRAW HILL PURLISHING 
n JOUN J 

te " 


COMPAN) 
COOKIE 


Antennas 


JANET A HARTWI 


Ma 





Write or call collect: Personnel Manager 


AIRCRAFT RADIO CORPORATION = 


DE 4-1800-Ext. 238 


INSTRUMENT ENGINEER 


To supervise group of instrument design engineers 

and instrumentation laboratory technicians. Re- 

roup sponsible for design and specification of control 
Send detailed resume & salary requirements to Director, Admin. Services 


ALCO PRODUCTS, INCORPORATED 


system and secondary system. Develop and im- 
SCHENECTADY 5, NEW YORK 


FOR ADDITIONAL INFORMATION 
About Classified Advertising 


Contact The McGraw-Hill 
Office Nearest You 


ATLANTA, 3 
1301 Rhodes 
Haverty Bidg 
JAckson 3-695! 
R. POWELL 


Boonton, N. J. 














DETROIT, 26 

856 Penobscot Bidg 
WOodward 2.1793 
D. M. WATSON 


LOS ANGELES, 17 
1125 W. 6 St 
HUntley 2.5450 
YOCOM 


BOSTON, 16 
350 Park Square 
HUbbord 2-7160 R. I 
D. J. CASSIDY 


prove instrumentation for atomic power plants. NEW YORK. 34 


7] 500 Fifth Ave 
OXford 5.5959 
COSTER 
LAWLESS 


CHICAGO, 
520 No. Michigan Ave 
MOhawk 4-58 dD. T 

HIGGENS R. P 
D. C. JACKMAN 


B.S. Degree or 1 to 5 years experience. 


PHILADELPHIA, 3 
Six Penn Center 
LOcust 8-4330 
H BOZARTH 
W. McCLURE 


Plaza 
CLEVELAND, 13 

1164 Illuminating Bldg 
SUperior 1-7000 T 
W. B. SULLIVAN 


WANTED—ADDITIONAL LINE | | * * *¥ers 








ST. LOUIS, 8 
3615 Olive St 


SECTION CHIEF 


SALARY $14,000.00 PER YEAR 
Minimum of 8 years experience in the design and 
development of computer systems and circuits 
Both analog and digital experience required 
Should be familar with storage devices, symbot'r 
logic and transistor circuitry. Our company client 
will assume all employment expense 

MONARCH PERSONNEL 
28 East Jackson Bivd. hicago 4, 








Ilinots 





EAST COAST REPRESENTATION 
AIRCRAFT ELECTROMECHANICAL 
OR ELECTRONIC COMPONENTS. 
Currently Representing Prominent Hy 
draulic Mfr. MSME—10 Years Aircraft & 
Missile Field. 
RA-9271 « 


ontrol Engineering 











Adv Div P.O. BRoxl N 16. N.¥ 


Class 


DALLAS, 2 

1712 Commerce St 
Vaughn Bidg. 
Riverside 7-5117 
GORDON JONES 
F. E. HOLLAND 





JEfferson 5.4867 


SAN FRANCISCO, 4 
68 Post St 

DOuglas 2-4600 

w WOOLSTON 
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MARQUARDT 


Professional Personnel 
Requisition 





ELECTRICAL TEST 
FACILITIES DESIGN 
ENGINEER 


To design electrical equipment and 
installations for Marquardt Jet Lab 
oratory, the West's largest jet engine 
testing facility. Will plan and design 
equipment and facilities for testing of 
full scole ramjet engines, fuel sys- 
tems, hydraulic-pneumatic controls and 
rotating accessories. Also assist in de 
sign and installation of test equipment 
controls and electronic instrumento- 
tion 

Potential for advancement to super- 
visory position. Requires BS-EE de- 
gree, plus three to five years oppro- 
priate experience 


Contact Jim Dale, Manager 
Professional Personnel 
16557 Saticoy Street 
Van Nuys, California 


MArGuardt scars 


VAN NUYS CALIFORNIA FOOEN 








CONTROL SYSTEMS 
ENGINEERS 


An experienced engineer is required for 
work in our systems development group. 
He should possess an above average 
electronics background and from two to 
six years of experience in servo- 
mechanisms, infra-red, and missile guid- 
ance development. Advanced degree. 
preferable, but will c id tstandi 
personne! with a B.S. degree. 





This is a challenging opportunity for 
qualified personnel to fully utilize their 
creative ability on highly diversified re- 
search assignments while enjoying 
stimulating staff associations and re- 
ceiving an exce!lent salary and liberal 
employee b fit Professi 1 de 
velopment is encouraged through publi- 
cation of papers. participation in pro- 
fessional activities and our education 
program providing for tuition-free grad- 
uate study. 





If you can qualify for the position 
described, please send a _ complete 
resume to: 
A. J. Paneral 
ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 
10 W. 35th St. Chicago 16, lil. 








STEP UP 
ro LEAR 


© SENIOR 


© PROJECT 


Engineers with communications 
and/or circuit design experi- 
ence are invited to join up with 
the fast-moving, forward-think 


ing team of Lear, Inc. 


Unlimited opportunities for 
advancement and greater re- 
sponsibilities at project-director 
levels are available to creative 
minded. experienced electronic 


engineers. 


Lear, for twenty eight years 
pioneer in aircraft radio com 
munications and navigation 
equipment. automatic flight con 
trols and flight indicators, is now 
forging ahead in the Missile- 
Space field. If you would like to 
work close by the shores of the 
blue Pacific on diversified elec- 


tronic projects, write 


Mr. LEW PECK, Manager 


Industrial Relations, Dept. C-128 


LEAR, INC. 
3171 SOUTH BUNDY DRIVE 


Santa Monica, California 


EMPLOYMENT OPPORTUNITIES 


New 
Opportunities 


SYSTEMS ENGINEERS 
and 


ELECTRONICS ENGINEERS 


with 2 to 7 years’ experience 
(EE, AE or Physics) 


These positions are with 
General Electric’s Ord- 
nance Department, con- 
tractor for some of the 
most complex weapons 
systems ever conceived— 
including POLARIS 
project fire control and 





guidance systems and 
TALOS handling and 
launching equipment. 
Based in Piv.sfield, Mass- 
achusetts — heart of the 
Berkshire fishing and 
skiing country —the Ord- 
nance Department offers 
professional advance- 
mentina winter and sum- 
mer vacation paradise. 


IM MEDIATE OPENINGS 
IN THESE AREAS 


Systems Development 
Design and Development 


eFire C ~*rol Engineering 
Gunfire and Missile 
Electronic Circuit Development 
¢ Inertial Components 
© Field Service and Evaluation 
© Quality Assurance 


© Field Testing 
(Positions in Florida) 


Send resume in confidence to: 
Mr. W. Fielding, Div. 22-MX 


ORDNANCE DEPARTMENT 
OF THE DEFENSE ELECTRONICS DIVISION 


GENERAL @@ ELECTRIC 


100 Plastics Avenue, 
Pittsfield, Mass. 
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Who s Minding The Store ? 


. .. in the magazine publishing business, it’s 


The Audit Bureau of Circulations (ABC) is a cooperative organization that 
sets standards of good business conduct for its publisher membets. Once each 
year ABC auditors carefully scrutinize the entire circulation structure and 
operation of every member magazine. In a very real sense, therefore, they are 
“minding the store” — making sure that no false or misleading claims are made 
regarding the size or composition of a magazine's audience. 








} 
ob Rw + a 


McGraw-Hill is a charter member of ABC and has 
supported its aims continuously for over 40 years. 
We believe this membership serves you by providing 
full assurance that every subscriber to McGraw-Hill 
magazines displaying the ABC symbol is paying to 
receive his copies. 


You’re the boss when you pay money for any maga- 
zine. Your vote of confidence and your renewals of 
subscriptions are dominant in the thinking of editors 
and publishers. Advertisers are vitally interested, 
too, and their support helps earn the dollars needed 
to do a stronger, more useful editorial job for you. 


Accurate Figures about you are the heart of 
ABC's job. ABC does a candid, unbiased, certified 
audit of all subscription figures of member maga- 
zines and of the subscribers’ jobs, functions, and 
locations. These audits help editors to tailor the con- 
tents of their magazine to your specific job interests 


You, the subscriber, win when you buy business 
magazines that hold membership in the Audit 
Bureau of Circulations. The ABC symbol signifies 
that the publication to which you subscribe makes 
every effort to provide you with the type of informa- 
tin you need to do a better, more effective job. 
It also indicates that the publisher maintains the 
highest standards of businees ethics, 


McGRAW-HILL PUBLICATIONS 


McGRAW-HILL PUBLISHING COMPANY, INC. 
330 WEST 42ND STREET, NEW YORK 36, N.Y. 
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MICRO 


MINIATURIZATION 


FOR 
DIGITAL 
COMPUTERS 


12 resistors, 4 capacitors, 4 diodes and 4 transistors... 


all are contained in the complete flip-flop circuit illustrated above. 


At the Hughes Research & Development Lab- 
eratorics, dramatic reduction in component 
size is symbolic of the advances in the digital 
computer art...advances which are preparing 
the digital computer for its role as a system 


control in spac Cc. 


In addition to developing new digital cir- 
cuits and components, Hughes engineers are 
delving into other digital computer space mis- 
sion tasks such as navigation guidance and 
control, communications processing and dis- 


play, vehi le control, mussion programming. 


An intensive Hughes program in digital 


computer systems has created openings for 


creative enginecrs and physicists with degrees 
from accredited engineering universities in 
the following fields: 

CIRCUIT and COMPONENT DEVELOP- 
MENT: Digital Computer Analysis, Micro- 
circuitry and Cryogenics, Solid State Physics, 
Magnetic Storage Devices. 
SYSTEMS ENGINEERING: 


Digital Control, Digital Sensing and Conver- 


Closed-lo« »p 


sion, Radar and Communications Information 
Processing, Inertial Navigation. 

The salary structure for these personnel 
reflect the exceptional backgrounds required 


and the unusual challenge of the projects. 


Inquire by writing directly to: 
Dr. Allen Puckett, Associate Director 
Systems Development Laboratories 


| 


| HUGHES 


Hughes Aircraft Co., 
Culver City 24, California 
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NEW PRECISION VARIABLE RESISTOR 


...with no sliding wiper by 


Super reliability 
is inherent 
through unique 
manufacturing 


techniques 
FEATURES: 


Complete Hermetic Seal 


These Rotary Infinite Resolution 


Metallic Film Potentiometers High Temperature Operation 


° ng Lif 
are the perfection of years nee 


of research and development 


Low Torque 
* Exceptionally High Accuracy 


®* Extremely Low Noise 


\ patented compression contact eliminates the wear or friction 
caused by usual wiper contacts. A precious metal capsule contact 
provides dependable long life operation. The deposited metal film 
Details resistance element is encased and hermetically sealed. The ultimate 
pill be in craltsmanship is employed in the manufacture to produce a 
; , : potentiometer unparalleled tor performance. This new concept ol 
wi 7 ; ga design makes possible super reliability under the most severe 
hi sa environmental conditions such as those encountered in airborne, 


missile and satellite applications. 


TECHNOLOGY INSTRUMENT CORPORATION 


569 Main St., Acton, Mass. P. O. Box 3941, No. Hollywood, Calif. 
COlonial 3-7711 ® POplar 5-8620 
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NEW FLEXIBILITY 


Here’s the world’s easiest-to-operate, easiest- 
to-read magnetic flowmeter. You can set any 
flow value at fui’ scale... from 1 foot per 
second to 30 feet per second ... at the turn 
of a direct-reading dial! Accuracy is + 1%, 
regardless of piping configurations. You get 
all the advantages of obstructionless flow- 
metering ... plus these EXCLUSIVE F&P 
features ... at no extra cost: 

e Any primary is interchangeable with any 
secondary ...no custom matching of 
meter to recorder. 

Remote recording up to 2000 feet from 
the meter. 
Range from 0.1 to 30 feet per second. 


FISCHER &@ PORTER CO. 


Compleie Process Instrumentation 


IN OBSTRUCTIONLESS FLOWMETERING 


Power requirements substantially _re- 
duced ...115v, 60 cycle a-c useable in 
all sizes. 
Can measure reverse flows without auxil- 
tary equipment. 
e Fast response time... 2-3 seconds for a 
100% flow change. 
e Adjustable damping of flow signal. 
For complete details get in touch with the 
F&P field engineer nearest you and write for 
Catalog 10D1416. Fischer & Porter Com- 
pany, 828 County Line Road, Hatboro, Pa. 
In Canada write Fischer & Porter (Canada) 
Ltd., 2700 Jane St., Toronto, Ont. 
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